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PREFACE 


This  Book  is  written  with  the  object  of  supplying  the  student  with 
directions  for  the  microscopical  examination  of  the  tissues.  At  the 
same  time  it  is  intended  to  serve  as  ,an  Elementary  Text-book  of 
Histology ;  comprising  the  essential  facts  of  the  science,  but 
omitting  less  important  details. 

For  conveniently  accompanying  the  work  of  a  class  of  medical 
students,  the  book  is  divided  into  fifty  lessons.  Each  of  these 
may  be  supposed  to  occupy  from  one  to  three  hours,  according  to 
the  relative  extent  to  which  the  preparations  are  made  beforehand 
by  the  teacher,  or  during  the  lesson  by  the  students.  A  few  of 
the  preparations  cannot  well  be  made  in  a  class,  but  it  has  been 
thought  advisable  not  to  injure  the  completeness  of  the  work  by 
omitting  mention  of  them. 

Only  those  methods  are  recommended  upon  which  experience  has 
proved  that  dependence  can  be  placed,  and  the  directions  given 
are  for  the  most  part  capable  of  ready  modification  in  accordance 
with  the  ideas  or  experience  of  different  teachers. 
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THE  ESSENTIALS  OF  HISTOLOGY. 


INTEODUCTORY. 

ENUMERATION  OF  THE  TISSUES  AND  THE  GENERAL 
STRUCTURE  OF  ANIMAL  CELLS. 

Animal  Histology  ^  is  the  science  which  treats  of  the  minute  struc- 
ture of  the  tissues  and  organs  of  the  animal  body ;  it  is  studied  with 
the  aid  of  the  microscope,  and  is  therefore  also  termed  Microscopic 
Anatomy. 

Every  part  or  organ  of  tlie  body,  when  separated  into  minute 
fragments,  or  when  examined  in  thin  sections,  is  found  to  consist  of 
certain  textures  or  tissues,  which  diflfer  in  their  arrangement  in 
different  organs,  but  each  of  which  exhibits  characteristic  structural 
features. 

The  following  is  a  list  of  the  principal  tissues  which  compose  the 
body : — 

1.  Epithelial. 

2.  Connective :  Areolar,  Fibrous,  Elastic,  Reticular,  Lymphoid, 
Adipose,  Cartilage,  Bone. 

3.  Muscular :  Voluntary,  Involuntary,  smooth  or  plain.  Cardiac. 

4.  Nervous. 

Some  organs  are  formed  of  several  of  the  above  tissues,  others 
contain  only  one  or  two. 

It  is  convenient  to  include  such  fluids  as  the  blood  and  lymjyh 
amongst  the  tissues,  because  they  are  studied  in  the  same  manner 
and  contain  cellular  elements  similar  to  those  met  with  in  some  of 
the  other  tissues.  ■ 

All  the  tissues  are,  prior  to  differentiation,  masses  of  cells  (em- 
bryonic cells).  In  some  tissues  other  tissue-elements  become  developed 
which  take  the  form  of  fibres.  Thus  the  epithelial  tissues  are  com- 
posed throughout  life   entirely  of   cells,  only  slightly  modified  in 

'  From  lardi  a  web  or  texture. 
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structure,  and  the  nervous  and  muscular  tissues  are  formed  of  cells 
which  are  greatly  modified  to  form  the  characteristic  fibres  of  those 
tissues.  On  the  other  hand,  in  the  connective  tissues  an  amorphous 
material  becomes  formed  between  the  cells  which  is  termed  intercellular 
substance  or  ground  substance,  and  in  this  substance  fibres  make  their 
appearance,  sometimes,  as  in  the  fibrous  connective  tissues,  in  so  large 
an  amount  as  to  occupy  the  whole  of  the  intercellular  substance,  and 
greatly  to  preponderate  over  the  cells.  This  ground  substance,  by 
virtue  of  its  containing  a  certain  amount  of  inorganic  chlorides,  has 
the  property  of  becoming  stai^jed  brown  or  black  by  nitrate  of 
silver  and  subsequent  exposure  to  light,  in  which  case  the  cells, 
which  remain  unstained,  look  like  white  spaces  (cell-spaces)  in  the 
ground  substance.  When  an  epithelial  tissue  is  similarly  treated,  the 
narrow  interstices  between  the  cells  are  also  stained,  from  which  it 
may  be  concluded  that  a  similar  substance  exists  in  small  amount 
between  the  cells  of  this  tissue.  It  has  here  been  termed  cement- 
substance,  but  it  is  better  to  apply  to  it  the  general  term  intercellular 
substance. 

The  cells  of  a  tissue  are  not  always  separate  from  one  another,  but 
are  in  many  cases  connected  by  bridges  of  the  cell-substance,  which 
pass  across  the  intercellular  spaces.  This  is  especially  the  case  with 
the  cells  of  the  higher  plants,  but  it  has  also  been  found  to  occur  in 
animal  tissues,  as  in  some  varieties  of  epithelium  and  in  cardiac  and 
plain  muscular  tissue.    Occasionally  the  connection  of  the  cells  of  a 
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Fl(i.   \. — DiAOBAMS  OF  CELL-STRUCTURE. 


A.  Oiofn'aiii  of  a  cell  the  protoplasm  of  which  appcnra  structureless,  but  is  occupied  by 
vacuoles  and  granules. 

D.  Diairrani  of  a  cell  the  protoiilasin  of  which  appears  reticulated. 

protopla.«in,  consistiiij;  of  hyaloplasm  and  a  network  of  spoufrioiiLism  ;  rx,  exoplasni : 
end,  endopla-sm,  with  distinct  (granules  and  vacuoles ;  r,  double  contro«on\c ;  »i, 
nucleus ;  n\  nucleolus. 

tissue  is  even  closer,  and  lines  of  separation  between  them  are 
almost  or  entirely  absent.  The  term  syncytiiim  is  given  to  any  such 
united  mass  of  cells. 
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Cells. — A  cell  is  a  minute  portion  of  living  substance  {cytoplasm) 
which  is  sometimes  inclosed  by  a  cell-membrano  and  always  contains  a 
specially  diiferentiated  part  which  is  known  as  the  nucleus. 

The  cytoplasm  of  a  cell  (fig.  1,  ^)  is  composed  of  proto^dasm,  which 
consists  chemically  of  proteid  or  nucleoproteid  substances,  with  which 
lipoid  substances,  such  as  lecithin,  a  combination  of  fatty  acid  with 
glycerophosphoric  acid,  and  cholesterin,  a  monatomic  alcohol,  having 
many  of  the  physical  characters  of  fats,  appear  always  to  be  associated. 
The  protoplasm  tends  during  life  to  exhibit  movements  which  are 
apparently  spontaneous,  and  when  the  cell  is  uninclosed  by  a 
membrane,  a  change  in  the  shape,  or  even  in  the  position  of  the 


1  2  3  4 


•5  6  7  8 


Fig.  2. — Successive  changes  exhibited  by  an  amceba.  (Verworn.) 

cell,  may  be  thereby  produced.  This  is  characteristically  shown  in 
the  movements  of  the  unicellular  organism  known  as  the  amceba 
(fig.  2) ;  hence  the  name  amcehoid  movement,  by  which  it  is  generally 
designated.!  The  protoplasm  often,  but  not  always,  contains  a  fine 
spongework,  which  takes  under  high  powers  of  the  microscope  the 
appearance  of  a  network  (figs.  3,  4),  the  remainder  of  the  protoplasm 
being  a  clear  substance  which  occupies  the  interstices  of  the  sponge, 
and  may  also  cover  the  surface  or  project  beyond  the  rest  of  the  cell. 
A  granular  appearance  is  often  produced  by  the  knots  in  the  network 
when  imperfectly   observed   looking   like   separate   granules.  The 

'  The  anueboid  phenomena  of  cells  will  be  studied  later  (in  the  colourless 
coi-puscles  of  blood). 


4 


THE  ESSENTIALS  OF  HISTOLOGY. 


material  which  forms  the  reticulum  is  termed  spom/ioplasm ;  the 
clearer  material  which  occupies  its  meshes  is  hyaloplasm.  The  proto- 
plasm of  some  cells  shows  a  considerable  degree  of  differentiation  into 
fibrils,  which  may  be  unbranched  or  may  form  a  network  within  the 
cell.  Some  cells  exhibit  a  fine  canalisation  of  their  protoplasm 
(fig.  5),  and  according  to  Holmgren  the  canaliculi  are  in  many  cases 
occupied  by  branching  processes  of  other  (nutrient)  cells,  which  form 
what  he  has  termed  a  "  trophospongium." 

Protoplasm  often,  if  not  always,  includes  actual  granules  of  a 
proteid  nature  (fig.  6).    The  granules  are  of  sevei-al  kinds.  One 


3.  UNTOITCHED  rHOTOOBAPH  OF  LIVIKO  LEUCOCYTE  OF  TRITON,  SHOWING 

RETICULAR  STRUCTURE  OF  THE  PROTOPLASM.    (Schiifer.)    Magnified  1360 
diameters. 

Tlie  photograph  was  taken  in  monochromatic  light  with  Zeiss'  2  mm.  apochromatic 
objective  and  projective  eye-piece.  The  polymorph  nucleus  also  exhibits  the 
reticular  structure. 

kind  stains  with  alkaline  dyes  (basiphil),  another  with  acid  dyes 
{oxxjphil),  others  with  basic  and  acid  dyes  {amphophil),  and  others 
with  neutral  dyes  {neutro2}hil).  Some  of  these  granules  may  be 
essential  constituents  of  the  protoplasm  (Altmann) ;  others  are 
materials  which  have  been  formed  by  the  protoplasm,  and  which  are 
in  a  sense  accidental  inclusions.  That  the  former  are  of  importance 
appears  to  be  evident  from  the  fact  that  many  of  the  chemical 
changes  of  cells  occur  in  them.  Moreover,  they  are  closely  associated 
with  the  most  active  part  of  the  protoplasm,  the  part,  namely,  in 
the  neighbourhood  of  the  nucleus,  and  appear  to  become  formed  in 
this  part,  and  from  it  to  extend  through  the  cell.    AVhen  fibrils 
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are  formed  in  the  protoplasm,  they  are  believe'd  to  be  produced 
from  the  granules  in  question,  to  which  the  name  mitochondria  has 


4. — A  LIVING  LEUCOCYTE  (WHITE  BLOOD-CORPUSCLE)  OF  SALAMANDEA 
MACULATA,  SHOWING  LACE-LIKE  RETICULAR  APPEARANCE  OF  ITS  PROTO- 
PLASM.   Magnified  1200  diameters. 

All  erythrocyte  (red  blood-corpuscle)  is  included  in  the  photograph,    k  fllni  of  the 
protoplasm  of  the  leucocyte  e.vtends  over  the  margin. 

been  given  (Benda),  (fig.  7).  The  mitochondria  are  sometimes 
collected  into  a  spherical  mass  near  the  nucleus  which  stains  more 


Fig.  5. — Ti;(jriuj.si'()NGiuM  (CANAL-      Fig.  6. — Epithelium-cells  of  salamander 

ISATION)     WITHIN    A     GANGLION  LARVA,  STAINED  intra  vitam  WITH  NEU- 

cell.    (E.  Holmgren.)  tral red,  showing  the  cell-granules. 

(Fischel.)    Magnified  300  diameters. 

deeply  than  the  rest  of  the  cytoplasm  (fig.  8).  To  this  body  the 
term  paranucleus  has  been  applied.    The  granules  referred  to  may 
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be  regarded  as  actual  constituents  of  the  cytoplasm,  and  formed 
directly  from  its  protoplasm.  As  indicating  this  close  connection 
with  protoplasm  they  may  conveniently  be  termed  deuteroplaism. 
This  name  has  also  been  used  to  include  materials  which  are  merely 


m  I 


.1 


Fig.  7.— Cells  from  the  testicle  of  the  mouse  in  process  of  trans- 

FORMATION  INTO  SPERMATOZOA.     (Benda. ) 

The  "mitochondria"  are  darkly  stained  and  are  seen  in  the  successive  stages  (a  to  q)  to 
be  arranging  themselves  so  as  to  constitute  the  spu-al  filament  oJ  the  spermatozoon  (A). 

included  in  the  cytoplasm  and  not  factors  in  its  constitution,  such 
as  pigment  granules,  fat  globules,  and  vacuoles  containing  watery 
fluid,  with  or  without  glycogen   or  other  substances  in  solution. 

Materials  which  are  thus  included  in  the 
protoplasm  of  a  cell  are  either  stored  up 
for  the  nutrition  of  the  cell  itself,  or 
are  converted  into  substances  which  are 
eventually  extruded  from  the  cell  in 
order  to  serve  some  purpose  useful  to 
the  whole  organism,  or  to  be  got  rid 
of  from  the  body.  The  term  paraplasm 
may  be  employed  to  denote  any  such 
materials  within  a  cell.  Paraplasm  is 
often  present  in  sufficient  quantity  to 
reduce  the  cytoplasm  to  a  relatively 
small  amount,  the  bulk  of  the  cell  being  occupied  by  other  material,  as 
when  starch  becomes  collected  within  vegetable  cells  or  fat  within 


Fio.    8. — Pancreas  cells  of 

FROO,  SHOWIN(i  paranucleus 
AND  CHONDROMITOME  FIIIKILS 
FORMEi>  FROM  MITOCHONDRIA. 

(Gurwitsch,  after  Matthews.) 


STRUCTURE  OF  THE  CELL. 


7 


the  cells  of  adipose  tissue.  It  is  frequently  the  case  that  the  para- 
plasm and  deuteroplasm  are  confined  mainly  to  the  middle  of  the 
cell  in  the  neighbourhood  of  the  nucleus,  an  external  zone  of  the 
protoplasm  being  left  clear.  The  two  portions  of  protoplasm  which 
are  thus  somewhat  imperfectly  differentiated  off  from  one  another 
are  termed  respectively  the  endoplasvi  and  the  exuplasm.  They  are 
exhibited  in  the  amcfiba  (fig.  2),  and  also  in  the  white  blood- 
corpuscle  (fig.  9). 

According  to  the  view  advocated  by  Biitschli  the  apparent  reticulum  or 
spongiopliism  of  a  cell  is  the  optical  effect  of  a  soft  honeycomb  or  frotli-like 
structure  :  in  other  words,  the  meshes  of  the  reticulum  do  not  communicate 
with  one  another  as  in  a  sponge,  but  are  closed  cavities  as  in  a  lioneycoinb. 
Butsclili  finds  indications  of  the  same  alveolar  sti-ucture  in  all  cells,  including 


Fig.  9. — Photogkaph  of  leucocyte  of  triton,  fixed  whilst  in  amuiuoid 
condition  by  jet  of  steam  directed  on  to  cover-glass,  stained 
WTH  HEMATOXYLIN.  Magnified  1360  diameters.  Untouched  photograph. 
The  protoplasm  shows  an  internal  granular  and  reticular  endoplasni  and  a  clear  exoplasm. 

nerve-fibres  and  muscle-fibres,  and  has  devised  experiments  with  cb'ops  of 
froth  made  up  of  a  mixture  of  oil  and  alkaline  carbonate  or  sugar  solution, 
which,  when  examined  in  water  undei'  the  microscope,  imitate  very  closely 
not  only  the  structural  appeaiance  (fig.  10)  but  even  the  so-called  spontaneous 
or  amceboid  mo\'enients  of  actual  protoplasm.  It  may  be  stated,  however, 
that  although  it  is  a  matter  of  difficulty  trj  deteiiuine  whether  a  microscopic 
reticulum  is  a  sjjongewoi'k  or  a  honeycomb,  it  is  probable  that  neither 
structure  is  essential  to  living  substance,  for  the  outei-most  layei'  of  the  cell 
protoplasm,  which  is  usually  the  most  active  in  exhibiting  movements,  often 
.shows  no  indication  of  such  sti'ucture.  And  further,  it  has  been  shown  by 
Hardy  that  a  colloid  solution  such  as  that  which  exists  in  ]Drotoplasm  may, 
under  some  circumstances,  appear  homogeneous  and  under  others  may 
.separate  out  into  two  parts,  one  more  solid  the  other  more  fluid,  and  after 
such  separation  may  exhibit  either  a  granular,  a  I'eticular,  or  a  honeycomb 
structure,  accoiding  to  circumstances.  Nor  is  a  "froth"  nece.ssary  for  the 
imitation  of  am<i.'boid  movements,  for  similar  movements,  due  to  changes  in 
surface  tension,  and  brought  about  in  a  simple  oil  drop  or  in  a  drop  of 
oil-clad  albumen  when  brought  in  contact  with  solution  of  soa])  or  of  any 
alkali  (Berthold,  Quincke).     A  drop  of  any  colloid  solution  containing 
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electrolytes  is  also  subject  to  such  changes  of  surface  tension  when  exposed 
to  varying  electrical  iutlueuces,  so  that  aniteboid  movements,  which  are 
certainly  "vital,"  are  capable  of  being  explained  by  well-known  physical 
laws. 

Thei'e  aie  gi'ouuds  for  believing  that  a  very  fine  pellicle  covers  the  exterior 
of  the  protoplasm  of  all  free  cells,  and  that  this  pellicle  is  composed  of  a 
material  which,  although  not  soluble  in  water,  is  permeable  to  watery  fluids, 
and  may  also  allow  the  passage  of  solids  without  rupture.  Such  a  material 
might  be  furnished  by  the  lipoids  (Overton),  which  are,  as  we  have  seen, 
constant  constituents  of  cell-protoplasm.  It  must,  however,  be  stated  that 
it  has  not  been  proved  that  these  substances  are  collected  at  the  sui-face  of 
protoplasm. 

Properties  of  living  matter. — Living  cells  exhibit  (1)  irritability  or  the 
property  of  responding  to  stimuli  ;  (2)  metabolic  or  chemical  changes  which 
result  in  assivii/ation  or  the  taking  in  of  nutrient  matter  and  converting  it 
into  living  substance  (anabolism),  and  disassimilation,  the  property  of  break- 
ing down  or  getting  rid  of  such  substance  (katabolism) ;  (3)  reproduction 

A  B 


Fig.  10.— Comparison  op  protoplasm  with  oil  and  water  emulsion. 
(Verworn,  after  Biitschli. ) 

A.  Protoplasm  of  Thalassioola. 

B.  Froth-like  appearance  of  a  mixture  of  oil  and  cane  sugar. 

resulting  in  the  multiplication  of  cells.  Of  these  properties  (2)  and  (3)  are 
certainly  governed  or  influenced  by  the  cell-nucleus,  and  (3)  appears  to  be 
usually  initiated  by  the  centrosome  (see  below).  The  iiritability  of  the  cell 
depends,  however,  mainly  upon  the  cytoplasm  itself.  It  is  in  consequence  of 
this  property  that  protoplasm  reacts,  sometimes  by  contraction,  sometimes 
by  relaxation,  to  mechanical,  chemical,  thermal,  and  electrical  stimuli,  and  in 
the  case  of  some  cells  {e.g.  the  pigment-cells  and  cones  of  the  retina)  to  the 
stimulus  of  light.  The  ama?boid  movements  of  cells  are  a  mamfestatiou  of 
iiritability,  being  produced  and  influenced  by  various  external  conditions 
and  stimuli.  Sometimes  the  result  of  a  stimulus  is  to  ciiuse  a  cell  or  organism 
to  move  towards  the  source  of  excitation  (attraction)  ;  in  other  Cii.ses  the 
movement  is  in  the  reverse  direction  (repulsion).  The  terms  positive  and 
negative  chemotaxis,  phototaxis,  thermotaxis,  and  the  like,  are  used  to  indi- 
cate the  nature  of  the  efl'ects  produced  by  vai-ious  forms  of  stimulation. 

Attraction-sphere  and  eentrosome. — In  some  cells,  as  alreadj'  indi- 
cated, there  are  fine  but  distinct  striiu  or  fibrils  {q/tomitome)  running 
in  definite  directions.  The.se  are  very  commonly  met  with  in  fixed 
cells,  such  as  various  kinds  of  epitlielium-cells,  nerve-cells,  and  muscle- 
cells.  But  besides  the.se  special  difterentiations,  which  appear  to  be 
related  bo  special  functions,  there  are  other  fibril-like  structures  in  the 


STRUCTURE  OF  THE  CELL. 


9 


cell-protoplasm,  associated  with  what  is  known  as  the  centrosome  (figs. 
1,  9).  This  consists  of  a  minute,  particle  (centriole),  usually  situated 
near  the  nucleus,  and  staining  darkly 

with  iron-hssmatoxylin,  surrounded  by  a  . 
clear  area  {attraction-sphere),  and  from  it 
radiate  into  the  surrounding  protoplasm 
a  number  of  fine  varicose  fibrils.  The 
attraction-sphere,  with  its  central  particle, 
was  first  noticed  in  the  ovum  and  was  at 
first  supposed  to  be  peculiar  to  the  egg- 
cell,  but  it  has  now  been  recognised  in 
very  many  kinds  of  cells,  and,  in  animal 
cells,  is  of  nearly  universal  occurrence. 
The  structures  in  question  are  frequently 
double,  the  twin  spheres  being  connected 
by  a  spindle-shaped  system  of  delicate 
fi\ivi\s{achromatic  spindle) :  this  duplication 
invariably  precedes  the  division  of  a  cell 
into  two. 


Fig.  11. — A  cell  (white  blood- 
cohpuscle)  showing  its  at- 
traction-sphere. 
(M.  Heidenhain.) 


In  this,  ivs  in  most  cases, 
tion-sphere,  a,  lies 
nucleus,  n. 


the  attrac- 
near  the 


lu  some  cells  the  centrioles  are  multiple  ;  this  is  frequently  the  case  with 
leucocytes  and  always  with  the  giant-cells  of  bono  marrow.  The  luaterial 
which  immediately  sui-iounds  the  centrosome,  and  of  which  the  radiating 
fibres  and  the  fibres  of  the  spindle  are  composed,  is  considered  by  some  to 
he  distinct  in  nature  from  the  general  protoplasm  :  it  has  been  termed 
the  archoplasm.  It  appears  clear  that  in  some  cells  the  centrosome  and 
archoplasni  may  have  an  existence  independent  of  one  another  ;  thus  no 
centrosome  has  been  found  in  the  cells  of  the  higher  plants,  although  the 
archoplasmic  fibres  are  very  well  marked  in  them  during  cell-division. 

A  cell-membrane  is  rarely  distinct  in  animal  cells.  When  present, 
it  is  usually  formed  by  transformation  of  the  external  layer  of  the 


Fic.  1-2. 


-CkLLS  with  IRRECiULAR  LOBKI)  NUCLEI  FROM  BONE-MARROW 

OF  KABHiT.    (M.  Heidenhain.) 


protoplasm,  but  its  chemical  nature  has  not  been  sufficiently  investi- 
gated.   In  plant  cells  a  cellulose  membrane  is  of  common  occurrence. 
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The  nucleus  of  the  cell  (fig.  1,  n)  is  a  small  vesicle,  sphei-ical, 
ovoid,  elongated,  annular,  or  irregularly  lobulated  (figs.  11,  12,  13), 


vr. 

V.  .1.. 


Fig.  13. — Multi-nucleated  (uant-cell  frosi  lymph  oL^i>D  of  kabbit. 

(M.  Heidenhain. ) 

embedded  in  the  protoplasm.  Cells  have  sometimes  two  nuclei,  and 
occasionally  several  (fig.  13).  The  nucleus  is  bounded  by  a  membrane 
which  incloses  a  clear  substance  {nuclea/r  hyaloplasm,  karyoplasm)  (fig.  14), 


Fic.  14.— Nucleus  OF  AN  ei-itiiehal 
CKLL  OF  salamandek  lakva. 
(M.  Heidenhain.)  Magnified '230U 
diameters. 


Fui.  15.— LvMriiocvTE  oftkiton, 

SUOWINC  the  RETICI'LAK 
STUi:UTUKE   OF    ITS  NUCLEUS. 

Mngiiified     20()0  dinnicters. 
Untouclied  photograph. 
The  cell  wius  lixcd      -steam,  an<l  after- 
waixls  staiiicil  with  hreiimtoxyliii. 


and  the  whole  of  this  substance  is  generally  pervaded  by  an  irregular 
network  of  fibres,  some  coarser,  others  finer  {nuclear  reticulum,  karyomi- 
lome)  (figs.  14,  15).    The  membrane  is  the  outermost  layer  of  the 
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karyomitome.    The  knots  of  the  nuclear  reticulum  are  .sometimes  very 
distinct  and  give  an  appearance  of  conspicuous  granules  within  the 
nucleus  (pseudonucleoli),  which  are  not  to 
be  confounded  with  the  highly  refracting  /-vyc-?^; 
spherical  particle  known  as  the  nucleolus,  ' 
which  is  generally  present  as  a  distinct 
structure.   Sometimes  two  or  more  nucleoli  '^p^?;^ 
are  found  (fig.  14).    Occasionally  the  nucle-  | 
olus  has  a  vacuole-like  globule  in  its  interior.  ^ 
The  material  of  the  nucleolus,  although 
basiphil,  differs  in  its  chemical  and  stain- 
ing reactions  from  the  nuclear  reticulum.  — — — 
„    .        11  J-  •  •     -4.  J-  .„    wi,„(-Uq..  Fki.  16.— Gi^vND-CELL,  of  cui- 

Duringcell-division  It  disappears.  Whethei       j,„^,omus.  (Flemming.) 

it  blends  with  karyomitome  fibres  or  be- 
comes absorbed  and  removed  is  at  present  uncertain.  The  nucleoli 
may  sometimes  be  seen  to  be  bodily  extruded  from  the  nucleus 
into  the  protoplasm.  The  nuclear  membrane  and  intranuclear  fibres 
stain  deeply  with  haematoxylin  and  with  basic  dyes  generally ; 
this  property  distinguishes  them  from  the  nuclear  matrix,  and  they 
are  accordingly  spoken  of  as  basi-chromatic  (containing  basi-chromatin, 
which  in  the  nucleus  appears  to  be  chemically  identical  with  nuclein), 


Fk;.   17. — 8l'KUMAT0CYTK  OF  PKOTEUS,   SHOWINCi  CUHOMUSOMES  OF  NUChliUS 
KOKMKI)  Ol'  I'AKTICLES  OF  CHROMATIN  UNITED  BY  AUllKOMATIC  FILAMENTS. 

(Gurwitsch,  after  Hermann.) 

The  nuoleolus  is  distinct  from  the  chromosomes.    In  the  cytoplasm  an  archoplasmic 
mass  coiitaiiiiiiji^  mitochoiidria  is  seen  on  the  rij^lit. 

the  hyaloplasm  being  achromatic  or  oxychro7natiG.  The  stainimg  pro- 
pei'ty  depends  upon  the  presence  of  minute  basiphil  or  oxyphil 
granules.    The  basiphil  granules  are  united  by  a  non-staining  material 
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Fig.  18. — Cellsuowinucheo- 
mosomes  of  nucleus  in  the 
form  of  threads  composed 
of  double  rows  of  chro- 
MOMERES.    (F.  Hermann.) 

c,  cenfcrosoiue  with  unitinjf  spindle. 


termed  linin,  into  the  tlireads  or  fibres  wliich  compose  the  iietwoi-k. 
Sometimes  instead  of  being  united  into  a  network  the  intranucleai- 

fibres  take  the  form  of  convoluted  filaments 
(chromosomes),  having  a  skein-like  ai-range- 
ment  (fig.  16).  This  is  always  found  when 
a  nucleus  is  iabout  to  divide,  but  it  may 
also  occur  in  the  resting  condition.  These 
filaments  may  sometimes  be  seen  with  higli 
magnification  to  be  made  up  of  fine  juxta- 
posed particles  (chromomeres)  arranged  either 
in  single  or  double  rows  (figs.  17,  18,)  which 
may  impart  a  cross-striated  appearance  to 
the  filament.  The  nuclear  fibres  are  some- 
times clumped  together  into  a  solid  mass 
which  comprehends  the  nucleolus  when  this 
is  present,  and  has  the  appearance  of  an 
enlarged  nucleolus.  The  fibres  within  the 
nucleus  have  been  observed  to  undergo 
spontaneous  changes  of  form  and  arrange- 
ment, but  these  become  much  more  evident  during  its  division.  The 
division  of  the  protoplasm  is  always  preceded  by  that  of  the  nucleus, 
and  the  nuclear  fibres  undergo  during  di%asion  a  series  of  remark- 
able transformations  which  are  known  collectively  by  the  term 
karyokinesis  (Schleicher)  or  mitosis  (Flemming).  These  changes  may 
easily  be  studied  in  the  division  of  epithelium  cells,  but  exactly 
similar  phenomena  have  been  shown  to  occur  in  cells  belonging  to 
other  tissues. 

The  simple  division  of  a  nucleus  by  a  process  of  fission  without 
karyokinetic  changes  is  termed  amitotic  division  (figs.  19,  20) ;  it  occurs 
in  comparatively  rare  instances,  and  is  not  usually  followed  by  the 
division  of  the  cells,  so  that  this  is  apt  to  result  in  the  formation  of 
bi-nucleated  and  multi-nucleated  cells,  as  in  the  superficial  layer  of  the 
epithelium  of  the  urinary  bladder  and  in  some  of  the  giant  cells  of 
bone-marrow. 

The  nucleus  of  the  cell  is  not  only  concerned  with  its  division  and 
jnultiplication  in  the  manner  to  be  described,  but  takes  an  active  part 
in  the  chemical  (metabolic)  processes  which  occur  in  the  protoplasm. 
Hence  cells  deprived  artificially  of  their  nuclei  do  not  assimilate 
nourishment,  and  lose  any  power  of  secretion  they  may  have  pos- 
sessed, although  the  protoplasm  may  continue  for  a  time  to  live  and 
exhibit  amoeboid  movements. 

Division  of  cells.  —The  division  of  a  cell  is  preceded  by  tiie  division 
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of  its  attraction  sphere,  and  this  again  appears  to  determine  the 
division  of  the  nucleus.  The  latter,  in  dividing,  passes  through  a 
series  of  remarkable  changes,  which  may  tlius  be  briefly  summarised 


\ 

\ 
\ 


Fig.  10. — Cell  of  bladder  epithelium,  showino  amitotic  division  of 
NUCLKOS.  (NemilefiF.) 
a,  cytoplasm ;  b,  daughter  nuclei ;  c,  strand  of  fibrils  uniting  dauRliter  nuclei. 

as  they  occur  in  typical  animal  cells  such  as  the  epithelium  cells  of 
Salamandra : — 

1.  The  network  of  chromoplasm-filaments  of  the  resting  nucleus 


FlC.  20. — A  LEUCOCYTE  OF  TRITON  UNDERGOING   AMITOTIC  DIVISION.  Magnified 

1360  diameters.    Untouched  photograph. 

The  nucleus  is  separated  into  two  nearly  equal  parts,  and  the  protoplasm  is  collecting 
around  them  and  becoming  constricted  in  the  intermediate  part  of  the  coriJuscle. 
The  corpuscle  was  fixed  by  a  jet  of  a  steam  and  stained  with  hiomatoxylin. 

become  transformed  into  a  sort  of  skein,  formed  apparently  of  one 
long  convoluted  filament,  but  in  reality  consisting  of  a  number  of 
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filaments  [spirem) ;  the  nuclear  membrane  and  the  nucleoli  disappear 
or  are  merged  into  the  skein  (fig.  21,  a  to  cZ). 

2.  The  filament  breaks  into  a  number  of  separate  portions,  often 
V-shaped,  the  chromosomes.  The  number  of  chromosomes  varies  with 
the  species  of  animal  or  plant;  in  some  animals  the  dividing  nuclei 
may  contain  at  this  stage  only  four  chromosomes;  in  man  there  are 


FlO.  2L — ErlTnELHTM-CELLS  OF  SALAMANDER  LARVA  IN  DIFFERENT  PHASES  OF 
DIVISION  BY  KARYOKINESIS  OR  MYTOSIS.  (Flemmillg.) 


said  to  be  twenty-four  in  the  ordinary  or  somatic  cells;  a  like 
number  occurs  in  many  animals  and  plants ;  others  have  more 
or  fewer.  As  soon  as  the  chromosomes  become  distinct  they  are 
often  arranged  radially  around  the  equator  of  the  nucleus  like  a 
star  {aster,  fig.  21,  e,  f,  g). 

3.  Each  of  the  chromosomes  splits  longitudinally  into  two,  so 
that  they  are  now  tsvice  as  numerous  as  before  {stage  of  cleavage, 
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fig.  21,  h,  i).  This  longitudinal  cleavage  may  occur  at  an  earlier 
stage. 


Fio.  22.— Diagram  siiowiso  the  chanoks  which  occitr  is  the  centro- 

SOMES  AND  NlTCl.EUS  OF  A  CELL  IN  THE  PROCESS  OF  MITOTIC  DIVISION. 
Tlie  nucleus  is  suiiposcd  to  li.ave  four  chrouiosouies. 

4.  The  fibres  separate  into  two  groups,  the  ends  being  for  a  time 
interlocked  (fig.  21,  k). 

5.  The  two  groups  pass  to  the  opposite  poles  of  the  now  elongated 


Fici.  23.— Karyokinesis  of  erythrocytk  of  larvai.  lepidostren.  (T.  H.  Bryce.) 

1,  Cell  prior  to  rlivision,  centrosonie  single,  nucleus  a  dense  network  ;  2,  centrosomcs  do\il)lp, 
nucleus  a  close  s|iirein  ;  it,  siiiroin  lireakin^;  n]>  into  chromosomes  ;  ilivision  siiindli' 
fonnin(f,  chromosomes  V-slmped  ;  fi,  V-slmiied  chromosomes  collected  at  equator  of 
spindle,  and  underffoint;  loii^'itudinal  spIitUntr;  the  chromosomes  which  result 
from  the  splittinj,'  have  heconio  thicker  and  shorter,  and  are  ]>assinp  towards  the 
centrosomes  at  the  poles  of  the  spindle  to  fonn  the  daupht-er  nuclei ;  7,  S,  dauirhter 
nuclei  formed  hy  atfsrlonicration  of  chromosomes,  protoplasm  of  cell  dividing. 
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nucleus  and  form  a  star-shaped  figure  at  eitlier  pole  {diaster,  fig.  21  I), 
Each  of  the  stars  represents  a  daughter  nucleus. 

6,  7,  8.  Each  star  of  the  diaster  goes  through  the  same  changes  as 
the  original  nucleus,  but  in  the  reverse  order— viz.,  a  skein,  at  first 
more  open  and  rosette-like  (fig.  21,  m),  then  a  closer  skein  (fig.  21,  n), 
then  a  network  (fig.  21,  o,  q) ;  passing  finally  into  the  typical 
reticular  condition  of  a  resting  nucleus  (see  also  figs.  22,  23). 

The  splitting  and  sepai'ation  of  the  chroniosonies  is  often  spoken  of  as  tlie 
metaphase  {metakinesis) ;  the  stages  leading  up  to  this  being  termed  the 
anaphase,  and  those  by  which  the  process  is  termmated  the  kataphase  and 
telophase.  ^ 
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Flli.   24.  — TUKEK  STAGES  OF  HETEKOTVrK  MITOSIS  IN  SPERMATOCYTE  OF 

TKiToN.  (Moore.) 

a,  t'cmiiial  condition  of  chromosomes ;  b,  t'eniini  arranged  in  quadrate  loops  or  tetrads ; 
c,  separation  of  tetrads  into  the  duplex  chromosomes  of  the  daughter  nuclei. 

The  mode  of  division  of  the  nuclear  chromatin  above  described  is 
frequently  spoken  of  as  somatic  or  ordinary  mitosis,  to  distinguish  it  from 
two  modes  of  division  which  are  only  seen  normally  at  certain  stages  of 
multiplication  of  the  generative  cells,  and  which  are  known  as  heterotypical 
and  homotypical  mitosis.  In  the  latter  the  chromosomes  do  not  undergo 
the  usual  longitudinal  splitting,  but  one  half  of  the  total  number  passes  into 
each  daughter  nucleus,  so  that  the  number  of  chromosomes  in  each  of 
these  is  only  one  half  the  usual  somatic  number.  This  is  termed  the 
reduction-division.  Heterotypical  mitosis  (which  immediately  precedes  the 
homotypical)  is  characterised  by  a  peculiar  arrangement  of  the  chromosomes, 
the  split  halves  of  which,  before  separating  to  pass  to  the  daughter  nuclei, 
tend  to  adhere  together  in  the  form  of  loops  or  rings,  or  in  the  case  of 
.short  straight  chromosomes  into  small  ciuadrangular  masses  (tetrads),  all 
of  which  are  observable  in  various  instances  of  heterotyi^ical  mitosis 
(see  fig.  24). 
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It  is  furtlier  noteworthy  tliat  tlie  generative  cells  which  later  undergo 
the  reduction-division  above  described  exliibit  either  immediately  (sperm- 
cells)  or  a  long  while  (germ-cells)  before  the  final  divisions  a  remarkable 
series  of  changes  in  their  nuclear  chromatin  ;  the  chromosomes  becoming  first 
distinct  in  place  of  forming  a  network,  then  entangled  together  at  one  side 
of  the  nucleus  (synaptic  condition),  and  Hnally  becoming  again  distinct,  but 
now  arranged  in  pairs  (gemini)  which  later  take  various  forms,  such  as 
double  rods,  loops,  or  rings  as  in  heterotypical  mitosis,  but  without  forth- 
with proceeding  to  nuclear  division. 

The  protoplasm  of  the  cell  divides  soon  after  the  formation  of  the 
diaster  (fig.  21  m).  During  division  fine  lines  are  seen  in  the  proto- 
plasm radiating  from  the  centrosomes  at  the  poles  of  the  nucleus, 
whilst  other  lines  form  a  spindle  of  achromatic  fibres  within  the  nucleus, 
diverging  from  the  poles  towards  the  equator.    These  are  usually  less 


easily  seen  than  the  basichromatic  fibres  or  chromosomes  already 
described,  but  are  not  less  important,  for  they  are  derived  from 
the  attraction-spheres.  These,  with  their  centrosomes,  as  we  have 
seen,  always  initiate  the  division  of  the  cell ;  indeed  they  are  often 
found  divided  in  the  apparently  resting  nucleus,  the  two  particles 
being  united  by  a  small  system  of  fibres  forming  a  minute  spindle 
at  one  side  of  the  nucleus  (fig.  1  b,  c).  When  mitosis  is  about  to  take 
place  this  spindle  enlarges,  and  as  the  changes  in  the  chromatin  of 
the  nucleus  which  have  been  above  described  occur — which  changes 
involve  the  disappearance  of  the  nuclear  membrane — the  spindle 
gradually  passes  into  the  middle  of  the  mitotic  nucleus,  with  the 
two  poles  of  the  spindle  at  the  poles  of  the  nucleus,  and  with 
the  fibres  of  the  spindle  therefore  completely  traversing  the  nucleus 
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(figs.  22,  23).  The  spindle-fibres  appear  to  form  directing  lines, 
along  which  the  chromosomes  pass,  after  the  cleavage,  towards  the 
nuclear  poles  to  form  the  daughter  nuclei. 

In  some  cells,  especially  in  plants,  the  line  of  division  of  the  proto- 
plasm of  the  cell  becomes  marked  out  by  thickenings  upon  the  fibres 
of  the  spindle  which  occur  just  in  the  plane  of  subsequent  division, 
and  have  been  termed  collectively  the  cell-plate  (fig.  25).  But  in 
most  animal  cells  no  cell-plate  is  formed,  the 
becoming  constricted  into  two  parts  midway 
daughter  nuclei.  Each 


protoplasm  simply 
between   the  two 


daughter 


cell  so  formed  retains  one  of 
the  two  attraction-particles  of  the 
spindle  as  its  centrosome,  and  when 
the  daughter  cells  are  in  their  turn 
again  about  to  divide  this  centro- 
some  divides  first  and  forms  a  new 
spindle,  and  the  whole  process  goes 
on  as  before.  Rarely  the  division 
of  a  nucleus  is  into  three  or  more 
parts  instead  of  two  (fig.  27).  In 
such  cases  the  centrosome  becomes 
correspondingly  multiplied  and  the 
achromatic  system  of  fibres  takes  a  more  complex  form  than  the  simple 
spindle. 


Fi( 


•27. — TkII'OLAK  MITUSIS  IN  ECHINO- 

DEKw  OVUM.    (E.  B.  Wilson.) 


Fig.  "is. — l.MITATIDN  111  DINISIiiN  .Sl'IMH.I.  I '  ]  1 1  ■  I  1  1 . 1 1  KMilM:  1111,  .MIXING  OF 
DROPS  OF  A  LESS  CONCENTRATED  SOLUTION  OF  AN  ELECTROLYTE  (CON- 
TAISINl!  PARTICLES  OF  CHINA  INK  IN  SUSPENSION)  WITH  A  SOLUTION  OF 
THE  SAME  ELECTROLYTE  OF  GREATER  DENSITY.     (Verwom,  after  Leduc. ) 

The  appearance  of  the  division  spindle  and  even  tlie  changes  in  the 
chromosomes  can  be  imitated  experimentally  by  introducing  differences  of 
electrical  polaiity  in  a  solution  of  electrolytes  containing  particles  in  suspen- 
sion (fig.  28).  It  is  therefore  not  improbable  that  they  are  naturally  brought 
about  in  some  such  manner. 
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Division  of  the  ovum.— Usually  the  two  daughter  cells  are  of 
equal  size ;  but  there  is  a  notable  exception  in  the  case  of  the  ovum, 


Fig.  '29.— Formation  of  the  polar  iu.ob- 
ules  and  keduction  of  the  number  of 
chromosomes  in  the  ovum  of  ascaris 
megalocephala. 

A,  B,  ovum  shomng  division  of  nucleus  to  form 
first  polar  globule  (^'an  Gehuchten).  m,  gelatin- 
ous envelope  of  o\-um  ;  m',  membrane  di\-idin[,' 
the  polar  globule  from  the  ovum  ;  cs  (in  ^1), 
head  of  spermatozoon. 

C,  formation  of  second  polar  globule  (Carnoy) ; 
ffi,  first ;  second  polar  globule :  n,  nucleus 
of  ovum  now  containing  only  two  chromo- 
somes ;  ns,  nucleus  formed  from  head  of  sper- 
matozoon. 


mm  I 


■ns 


Fk;.  30.— Ovum  of  hat  with  i-oi.au  dodiks  and  gekm-  and 
SPEHM-NUCLEl.    (Van  dor  Stricht.) 
The  development  of  the  sperm-nucleus  from  the  head  of  the  spermatozoon  is  very  evident 
in  this  case,  because  the  rest  of  the  spermatozoon  happens  not  to  have  been  thrown  on. 

which,  prior  to  fertilisation,  divides  twice  (bj'  hetero-  and  hoinofcypica. 
mitosis  respectively)  into  two  very  unequal  parts,  the  larger  of  which 
retains  the  designation  of  ovum,  while  the  two  small  parts  which 
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become  detached  from  it  are  known  as  the  yjofor  bodien  (fig.  29). 
Further,  in  the  formation  of  the  second  polar  body  a  reduction-division 


Fir;.  31. — Fkrtilisation  and  first  division  of  ovum  of  asoaris  meoam- 
OF.PliALA  (slightly  modified  from  Boveri). 

A,  soconrl  polar  {flobule  just  formed  ;  the  head  of  the  spennatozoon  is  becoming  changed 
into  a  reticular  iiro-nucleus  ( (J ),  which  shows  distinctly  two  chromosomes ;  just 
above  it,  its  archoplasm  is  shown  :  the  egg  pro-nucleus  (  9  )  also  shows  two  chromo- 
somes. 

J5,  both  pro-nuclei  are  now  reticular  and  enlarged  ;  a  double  centrosome  {a}  is  visible 
in  the  archoplasm  which  lies  between  them. 

C,  the  chromatin  in  each  pro-nucleus  is  now  converted  into  two  filamentous  chromosomes ; 

the  centrosomes  are  separating  from  one  another. 

D,  the  chromosomes  are  more  distinct  and  shortened ;  the  nuclear  membranes  have  dis- 

apjieared  ;  the  attraction-spheres  are  distinct. 
A\  mingling  and  splitting  of  the  four  chromosomes  (c) ;  the  .achromatic  spindle  is  fully 
fonned. 

y,  separation  (towards  the  poles  of  the  spindle)  of  the  halves  of  the  split  chromosomes, 
and  commencing  division  of  the  cytoplasm.  Eiich  of  the  daughter  cells  now  has 
four  chromosomes ;  two  of  these  have  been  derived  from  the  ovum  pro-nucleus,  two 
from  the  spermatozoon  pro-nucleus. 
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occurs,  and  the  nucleus  of  tlie  ovum,  after  the  polar  bodies  are 
extruded,  contains  only  one  half  the  number  of  chromosomes  that 
it  had  previously:  e.cj.  twelve  in  place  of  the  normal  twenty-four  in 


Fifi.  32.— Human  ovum  (oocyte)  from  graafian  folliclf.  :  EXAMiKF-n  fresh 

IN  LIQUOR  FOLLICULI  WITH  VERY  HIGH  MAGNIFYING  POWER.  (Ualdej'er.) 

The  cells  which  are  attached  to  the  outside,  and  which  appear  to  be  joined  '"'o 

cvtium  around  the  ovum,  are  follicular  cells  bclonijinfr  to  the  rfu'ciw  prohtierxif.  "  iiiun 
tiieni  is  the  clear  menilirane  of  the  ovum  (zona  pullm;ida).  The  cytoplasm  of  the  o\  urn 
shows  a  distiiK^tion  between  clear  ectoplasm  and  jirannlar  eiidopla.'im :  tne  lari.'e 
LTanules  are  yolk  particles.  Tlu'  iniclens  ((Terminal  vesicle)  is  clear.  The  nucleolus 
(irerminal  sjjot)  is  distinct. 

man,  and  two  instead  of  four  in  Ascaris  megalocephala  (var.  bivalens), 
(fig.  29,  G).  Should  fertilisation  supervene  the  chromosomes  which 
are  lacking  are  supplied  by  the  male  element  (sperm-cell),  t  he  nucleus 


z.p. 

Hi.  33. — FOTIMATION  OF  liLASTODERM  IN  UAIililT  liV  DIVrSION  OF  OVUM  INTO 

A  NUMiiKR  OF  CKLUS.    (Allon  Tlioiiison,  after  E.  v.  Benedcii.) 

A  to  S,  division  of  ovum  and  formation  of  "  miill)eiT.v  mass";  jnil,  polar  glolnilcs ;  »,  «, 
cells  of  ^irimary  division  which  already  sliow  a  difference  of  apnearance.  This  early 
<li(Ierentiation  is  not,  however,  accepted  hy  most  authorities.  F  to  /,  sections  of  the 
ovum  in  siihseiiuent  stages.  2j),  menihrane  of  ovum  (zona  pellucida) ;  sz,  suhzonal 
layer,  hy  means  of  which  the  ovum  hecomes  attached  to  the  uterine  nnicous 
menii)rane ;  i,  inner  cell-mass,  which  gives  rise  to  the  hlastodermic  layers.  The 
accumulation  of  fluid  helwcen  ectoderm  and  entoderm  in  0,  U,  and  /  has  swollen  the 
ovum  out  to  form  the  so-called  hlastodermic  vesicle.  The  suhzonal  layer  of  clear 
cells  should  be  shown  in  F  extending  all  round  the  inner  eell-iniuss. 
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of  which  has  also  undergone,  in  the  final  cell-division  by  which  it  was 
produced,  the  process  of  reduction  in  the  number  of  chromosomes  to 
one  half  of  the  normal  number.  The  two  reduced  nuclei — which  are 
formed  respectively  from  the  remainder  of  the  nucleus  of  the  oocyte 
(ovum)  after  extrusion  of  the  polar  bodies,  and  from  the  head  of 
the  spermatozoon,  which  contains  the  nucleus  of  the  sperm-cell — are 
known  (within  the  ovum)  as  the  sj^rm  and  germ  nuclei  or  the  male 
and  female  2^vo-')inclei.  When  these  blend,  the  ovum  again  contains 
a  nucleus  with  the  number  of  chromosomes  normal  to  the  species. 
When  it  divides  after  fertilisation  each  daughter  cell  is  found  to 
contain  the  normal  or  somatic  number  of  chromosomes,  derived  from 
the  splitting  of  both  male  and  female  elements,  half  the  number 
from  the  one  and  half  from  the  other. 

Formation  of  the  tissues. — It  appears  to  be  established  beyond 
doubt  that  new  cells  can  only  be  formed  from  pre-existing  cells. 
In  the  early  embryo  the  whole  body  is  an  agglomeration  of  cells. 
These  have  all  been  formed  from  the  ovum  or  egg-cell  (fig.  32),  which, 
after  fertilisation,  divides  first  into  two  cells,  these  again  into  two,  and 
so  on  until  a  large  number  of  cells  (embryonic  cells)  are  produced. 
These  form  at  first  an  outer  clear  stratum  lying  at  the  surface  (fig.  33,  sz) 
and  a  darker  granular  mass  (i)  attached  to  this  layer  at  one  part,  but 
elsewhere  separated  from  it  by  clear  fluid.  Eventually  the  cells  of  the 
inner  mass  arrange  themselves  in  the  form  of  a  membrane  (blaslodenn) 
which  is  composed  of  three  layers.  These  layers  are  known  respectively 
as  the  ectoderm,  mesoderm,  and  entoderm.  The  ectoderm  gives  rise  to 
most  of  the  epithelial  tissues,  and  to  the  tissues  of  the  nervous  system  : 


Fid.  .34.— Section  OF  BLASTODERM  showino  the  commencing  formation  of 
THE  MESODERM.    (Kiilliker. ) 

ep,  cotoderm  ;  hy,  entodenii ;  me,  mesodenn  ;  ax,  axial  jiai  t  of  ectoderm  with  cells  under- 
goiTit'  division  (fc).    The  mesoderm  is  grrowintr  from  this  imrt. 


the  entoderm  to  the  epithelium  of  the  alimentary  canal  (except  the 
mouth),  and  the  glands  in  connection  with  it ;  and  the  mesoderm  to  the 
connective  and  muscular  tissues. 

The  tissues  are  formed  either  by  changes  which  occur  in  the  inter- 
cellular substance,  or  by  changes  in  the  cells  themselves;  frequently 
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by  both  these  processes  combined.  Amongst  the  cells  which  are  least 
altered  from  their  embryonic  condition  are  the  white  corpuscles  of  the 
blood  ;  these  may  be  regarded,  therefore,  as  tjrpical  animal  cells. 

The  histogenetical  relation  between  the  three  layers  of  the  blasto- 
derm and  the  several  tissues  and  organs  of  the  body  is  exhibited  in 
the  following  table : — 


Ectoderni.  ' 


('The  epithelium  of  the  skin  or  epidermis,  and  its  appendages,  viz.,  the  hair,  nails, 
sebaceous  and  sweat  glands,  and  mammary  glands. 
The  epithelium  of  tiie  mouth,  and  the  e])ithelium  of  the  anus  and  anal  canal. 
The  salivary  and  other  glands  which  open  into  the  mouth.    The  enamel  of  the 

teeth.   The  gustatory  organs. 
The  epithelium  of  the  lower  part  of  the  urethra  and  vagina. 

The  epithelium  of  the  nasal  passages,  and  of  the  cavities  and  glands  which  open 
into  them. 

The  epithelium  covering  the  front  of  the  eye.    The  epithelium  of  the  lacrymal 
canals  and  lacr.\Tnal  glands.    The  crystalline  lens.    The  retina.    The  pars 
ciliaris  retinm  aiid  the  pars  iridica  retinas.   The  sphincter  and  dilatator  pupillsD 
muscles.  . 
The  epithelium  lining  the  menihranous  lalnTinth  of  the  ear.   The  epithelium  lining 

the  external  auditory  meatus. 
The  epithelium  lining  the  central  canal  of  the  spinal  cord,  the  aqueduct  of  Sylvius, 

and  the  fourth,  third,  and  lateral  ventricles  of  the  hrain. 
The  tissues  of  the  nervous  system. 

The  pituitary  body.   The  pineal  gland.    The  medulla  of  the  suprarenal  capsules. 

/The  connective  tissues. 
The  blood-  and  Inuph-eorpuscles. 
The  spleen  and  other  vascular  and  Ijmiphatic  glands. 
The  cortex  of  the  suprarenal  capsules. 

The  epithelial  lining  of  the  heart,  blood-vessels,  IjTnphatios,  and  serous  membranes 
(endothelium). 

The  epithelium  of  the  uriniferous  tubules,  and  that  of  the  ureters  and  renal  pelves. 
The  epithelium  of  the  internal  generative  organs,  including  that  of  the  testis  and 
its  ducts,  and  that  of  the  prostatic  vesicle,  and  the  generative  products  in  both 
sexes. 

The  epithelium  of  the  ovary.  Fallopian  tubes,  and  uterus,  and  the  upper  part  of  the 
vagina. 

The  uuLseular  tissues,  voluntary,  involuntary,  and  cardiac  (except  the  plain  muscles 
of  the  iris  and  of  the  sweat  glands).! 

The  epithelium  of  the  alimentary  canal  (from  the  pharynx  to  the  lower  end  of 
the  rectum)  and  of  all  the  glands  which  open  into  it  (including  the  liver  and 
pancreas). 

The  epithelium  of  the  Eustacian  tube  and  cavity  of  the  tjTiipanum. 
The  epithelium  of  the  larynx,  trachea,  and  bronchi,  and  of  all  their  ramifications. 
The  epithelium  of  the  pulmonary  alveoli. 

The  thyroid  body  and  parathyroids.  The  reticulum  and  the  concentric  corijuscles  of 
the  thymus  gland. 

The  epithelium  of  the  urinary  bladder,  of  the  female  urethra,  and  of  the  lower  part 
of  the  vagina. 

\.Tlie  epithelium  of  the  proximal  part  of  the  male  urethra  and  its  glands. 

1  All  the  connective  ti.ssues,  the  endothelium  (mesothelium)  of  the  vascular  .system,  and 
the  vascular  and  lymphatic  glands  are  formed  from  a  special  \xirt  of  the  mesoderm  termed 
mesenchyme,  which  consist.s  of  a  .syncytium  of  branched  cells  with  a  homogeneous  intercellular 
matrix.  Plain  muscular  tissue  is  for  the  most  part  also  formed  from  mesenchyme,  but  in 
certain  situations,  as  in  the  sweat  glands  and  muscular  tissue  of  the  iris,  it  is  said  to  be  ectodermal 
in  origin. 


Mesodenu.  . 
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LESSON  I. 

USE  OF  THE  MICROSCOPE.     EXAMINATION  OF 
CERTAIN  COMMON  OBJECTS. 


The  requisites  for  practical  histology 
are  a  good  compound  mici-oscope  ;  slips 
of  glass  technically  known  as  'slides,' 
upon  which  the  preparations  are  made  ; 
pieces  of  thin  glass  used  as  covers  for 
the  preparations ;  a  few  instruments, 
such  as  a  microtome,  a  scalpel,  scissoi's, 
foi'ceps,  and  needles  mounted  in  wooden 
handles  ;  and  a  set  of  fluid  re-agents 
for  mounting  and  staining  microscopic 
preparations.  1  A  sketch-book  and  pencil 
are  also  necessary,  and  mu.st  be  constantly 
employed. 

The  microscope  (fig.  35)  consists  of  a 
tube  {t  t')  160  millimeters  (6-4  inches)  long 
having  two  systems  of  lenses,  one  at  the 
upper  end  termed  the  'eye-piece'  or 
'  ocular '  (oc),  the  other  at  the  lower  end 
termed  the  'objective'  {ohj).  For  ordi- 
nary woik  there  should  be  at  least  two 
objectives — a  low  power  working  at  about 
8  millimeters  (i  inch)  from  the  object, 
and  a  high  power,  having  a  focal  dis- 
tance of  about  3  millimeters  {\  inch)  : 
it  is  useful  also  to  have  a  lower  power 
(commanding  a  larger  field  of  view)  for 
finding  objects  readily,  and  two  or  more 
oculars  of  diii'erent  magnification.  The 
focus  is  obtained  by  ca,utiously  bringing 
the  tube  and  lens'es  down  towards  the 
object  by  the  coarse  adjustment,  which 
is  usually  a  rack-and-pinion  movement 
{a<lj\  and  foeu.ssing  exactly  by  the  fine 
adjustment,  which  is  always  a  finely  cut 
screw  {adf). 

The  stage  {st)  u]wn  which  the  prcpii-a- 
tions  are  placed  for  examinati<in,  the 
mirror  {m)  which  serves  to  refieet  light 
up  through  the  central  aperture  in  thc 
stage  andalong  the  tube  of  the  insti'umcnt, 
and  the  diaphragm  {d)  below  the  st;ige 
which  is  used  to  regulate  the  amount 


3").— Dl  AC  RAM  OF  MTCROSCOPK. 


'  The  directions  for  making  the  principal  fluids  used  in  lustological  work  will 
be  found  in  tlio  .'\])])eiidix. 
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of  lio-lit  thus  thrown  up,  are  all  parts  the  eniployinent  of  which  is  readily 
uncle'i-stood.  A  substage  condenser  (not  shown  in  the  diagram),  which 
serves  to  concentrate  the  light  thrown  up  by  the  mirror  to  the  centre 
of  the  object,  is  valuable  when  high  powers  and  stained  preparations  are 

^'"xhe^'combinations  of  objectives  and  oculars  above  referred  to  will 
o-encrally  give  a  magnifying  power  of  from  50  to  400  diameters,  and  this 
fs  sufficient  for  most  purposes  of  histology.  But  to  bring  out  minute 
points  of  detail  in  the  structure  of  cells  and  of  certain  ti.ssues  examination 
with  much  higher  magnifying  powers  may  be  necessary.  Objectives  of 
higli  jwwer  are  usually  made  in  immersion-lenses  ;  i.e.,  they  are  constructed 
to" form  a  proper  image  of  the  object  when  the  lowermost  lens  of  the 
sy.stem  is  immersed  in  a  layer  of  liquid  which  lies  on  the  cover-glass  of 
the  object  and  has  a  refractive  index  not  far  removed  from  that  of  the 
glass  itself.  For  this  purpose  either  water  or  an  essential  oil  (oil  of  cedar- 
wood)  is  used.  The  advantages  obtained  by  the  employment  of  these  lenses, 
especially  those  for  oil-immersion,  are  : — increased  working  distance  from 
the  object,  increased  angle  of  aperture  with  sharper  definition  of  the  object, 
and  increased  amount  of  light  traversing  the  microscope. 

The  best  lenses  for  histological  work  are  made  of  the  so-called  "  apochro- 
niatic'  gla.ss  ;  specially  constructed  'compensating'  eye-pieces  and  used  with 
these. 

A  scale  for  measuring  objects  should  be  constructed  for  each  microscope. 
To  do  this,  put  a  stage-micrometer  (which  is  a  glass  slide  ruled  in  the  centre 
with  lines  iV  and  tJit  millimeter  apart)  under  the  microscope  in  such  a 
manner  that  the  lines  run  from  left  to  right  (the  microscope  must  not  be 
inclined).  Focus  them  exactly.  Put  a  piece  of  white  card  on  the  table  at 
the  right  of  the  microscope.  Look  through  the  instrument  with  tlie  left 
eye,  keeping  the  right  eye  open.  The  lines  of  the  micrometer  will  appear 
projected  upon  the  paper.  Mai'k  their  apparent  distance  with  pencil  upon 
the  card,  and  afterwards  make  a  scale  of  lines  in  ink,  of  the  same  interval 
apart.  A  magnified  representation  is  thus  obtained  of  the  micrometer 
.scale.  Mark  upon  it  the  number  of  the  eye-piece  and  of  the  objective, 
and  the  length  of  the  microscope-tube.  This  scale-card  will  serve  for  the 
measurement  of  any  object  without  the  further  use  of  the  micrometer. 
To  measure  an  oljject,  place  the  scale-card  upon  the  table  to  the  light  of 
the  microscope  and  view  the  object  with  the  left  eye,  keeping  the  right 
eye  open.  The  object  a]ipears  projected  upon  the  scale,  and  its  size  in  xV 
"1'  T!>«  of  a  millimeter  can  be  read  off.  It  is  essential  that  the  same 
objective  and  eye-piece  should  be  employed  as  were  u.sed  in  making  the 
scale,  and  that  the  microscope  tube  .should  be  of  the  same  length.  The  lines 
on  English  stagc-niicronieters  ai'e  usually  ruled  tott  and  ni'oTr  inch  apart.' 

Before  beginning  the  study  of  hi.stology  the  student  should  endeavour 
to  familiai'ise  himself  with  the  use  of  the  microscope,  and  at  the  same 
time  learn  to  recognise  some  of  the  chief  olijects  which  ai-e  liable  to  occur 
accidentally  in  microscopic  specimens.  On  this  account  it  has  been  con- 
sidered desirable  to  introduce  directions  foi'  the  examination  and  recogni- 
tion of  starch-granules,  moulds  and  toruke,  air-bubbles,  linen,  cotton,  and 
woollen  fibres,  and  the  usual  constituents  of  the  dust  of  a  room,  into  the 
first  practical  lesson  (fig.  SO). 

1.  Examination  of  staich-granulcs.  Gently  scrape  the  cut  sui-face  of  a 
potato  with  the  point  of  a  knife  ;  shake  the  starcli-granules  so  obtained 
into  a  drop  of  watei-  upon  a  clean  slide  and  apply  a  covei'-glass. 

With  the  low  power  the  starch  granules  look  like  dark  spects  differing 

'  For  the  method  of  measuring  with  an  ocular  micrometer,  and  for  determining 
the  magnifying  power  of  a  microscope,  the  reader  is  referred  to  the  autlior's 
C'otirm  of  Practical  IltMology. 
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Fui.  30.— Gb-tects  which  may  bk  accidentaixy  present  in  microscopic 

I'UKI'ARATIONS. 

1,  Starch  t;rami1cs;  2,  a  small  ah-  Imlilile  and  part  of  a  larjrc  one;  3,  yeast,  tornlrn;  4,  a 
mould  (As))crnilhi«  plaucus) ;  n,  linen  fllircs ;  0,  cott«n  flbrcs ;  7,  wool;  ». 
human;  !),  eiiil.holium  scales;  10,  micrococci;  11,  bacilli  and  spores  (R.  sniililis). 
Magnified  alioul  2.'iO  diamctei's. 
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considerably  iu  size  ;  under  the  high  puwer  they  are  elear,  Hat,  ovoid 
particles  (fig.  36,  1),  with  a  .sharp  outline  when  exactly  focussed.  Notice 
the  change  in  appearance  of  the  outline  as  the  microscope  is  focussed  up 
and  down.  Ou  close  examination  fine  concentric  lines  are  to  be  seen  iu  the 
granules,  arranged  around  a  miiuite  spot  which  is  generally  placed  eccen- 
trically near  the  smaller  end  of  the  granule.  Sketch  two  or  three  starch 
granules. 

Notice  the  appearance  of  aii'-bubbles  in  the  water  (fig.  36,  2).  If  com- 
paratively large  they  are  clear  in  the  middle,  with  a  bioad  dai-k  border  due 
to  refraction  of  the  light ;  if  small  they  may  look  entirely  dark. 

Pass  a  chop  of  dilute  iodine  solution  under  the  cover-glass,  and  observe 
the  staining  of  the  starch  granules. 

2.  Examine  some  yeast  which  has  been  grown  in  solution  of  sugar. 
Observe  the  yeast-particles  or  toruke,  some  of  them  budding  (fig.  36,  3). 
Each  torula  contains  a  clear  vacuole,  and  has  a  well-detined  outline,  due  to  a 
membiune.    Sketch  two  oi'  three  toruke. 

3.  Examine  some  mould  in  water.  Notice  the  long  branching  filaments 
(hyph;e),  and  also  the  torula-like  particles  (spores)  from  which  hyphie  may 
iu  some  instances  be  seen  sprouting  (fig.  36,  4).    Sketch  j)ai't  of  a  hypha. 

4.  Examine  fibres  of  linen  and  of  cotton  iu  water,  using  a  high  power. 
Comjjare  the  well-defined,  rounded,  relatively  straight  or  but  slightly 
twisted  linen,  with  the  longer,  broadei-  but  thinner,  and  more  twisted 
cotton  fibres  (fig.  36,  5,  6).    Sketch  one  of  each  kind. 

5.  Mount  one  or  two  hairs  from  the  head  in  water  and  look  at  them  first 
with  the  low,  then  with  the  high  power  (fig.  36,  8).  Examine  also  fibres 
fiom  any  woollen  mateiial  and  compare  them  with  the  haiis.  They  have 
the  same  sti  uctui  e,  although  the  wool  is  finer  and  is  curled  (fig.  36,  7)  ;  its 
structure  may  be  obscui'ed  by  the  dye.    Di'aw  one  oi-  two  of  each. 

6.  Examine  a  drop  of  hay  infusion,  which  has  been  standing  a  day  oi'  two, 
for  bacteria  and  other  putrefactive  oi-ganisms  (fig.  36,  10,  11).  The  active 
movements  which  these  exhibit  are  due  to  minute  cilia  or  tiagella,  which  can 
only  be  made  visible  by  sjDecial  staining  methods  and  a  very  high  magni- 
fying power.  Notice  that  minute  particles,  organic  or  inorganic,  which 
occur  in  this  or  other  fluids  may  be  seen  to  exhibit  a  peculiar  tremulous 
dancing  movement  which  is  known  as  the   Bi'owuian '  movement. 

7.  Examine  some  dust  of  the  room  in  water  with  a  high  power.  In 
addition  to  groups  of  black  particles  of  carbon  (soot)  there  will  probably 
be  seen  fibres  of  linen,  cotton,  or  wool,  and  shed  epithelium-cells  (fig.  36,  9) 
dei-ived  fiom  the  epidermis. 

8.  Examine  a  drop  of  milk  with  the  high  power.  Notice  the  particles  of 
cream.  Theii-  fatty  nature  is  shown  by  theii'  high  I'efracting  powei',  and  by 
theii-  staining  reactions  with  dyes  which  have  a  special  affinity  for  fats,  such 
as  osmic  acid  or  Soudan  III. 
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LESSONS  II.  AND  III. 


STUDY  OF  THE  HUMAN  BLOOD-CORPUSCLES. 

1  Having  cleaned  a  slide  and  cover-glass,  prick  the  finger  above  the  uail 
or  on  the  pulp,  and  mount  the  small  ckop  of  blood  which  issues  from  the 
prick  as  quickly  as  possible,  so  that  it  has  time  neither  to  di-y  nor  to  coagulate. 
Examine  it  at  once  with  the  high  power. 

Note  (a)  the  coloured  corpuscles  mostly  in  rouleaux  and  clumps,  but  some 
lyinff  apart  seen  flat  or  in  profile  ;  (6)  the  colourle-ss  corpuscles,  easily  made 
out  if  the  cover-glass  is  touched  by  a  needle,  on  account  of  their  tendency  to 
stick  to  the  glass,  whilst  the  coloured  corpuscles  are  diiveii  pa.st  by  the 
currents  set  up  ;  (c)  in  the  clear  spaces,  fibrin-filaments  and  elementary 
particles  or  blood-platelets. 

Sketch  a  roll  of  coloured  corpuscles  and  one  or  two  colourless  corpuscles. 
Count  the  number  of  coloui-less  corpuscles  in  a  field  of  the  microscope. 

2  To  be  made  as  in  §  1,  but  the  di-op  of  blood  is  to  be  mixed  upon  the  slide 
with  an  equal  amount  of  isotonic  salt  solution  ^  so  that  the  red  corpuscles 
tend  to  be  less  massed  together,  and  then-  peculiar  shape  is  better  displayed. 

Sketch  a  red  corpuscle  seen  on  the  flat  and  another  in  profile  (or  opticiil 
section).    Also  a  crenated  corpuscle.  . 

Measure  ten  red  corpuscles,  and  from  the  results  ascertam  the  average 
diameter  of  a  corpuscle.  Measure  also  the  largest  and  the  smallest  you  can 
find. 

3.  Make  a  preparation  of  blood  as  in  §  1  and  put  it  aside  to  coagulate. 
Keep  the  edges  from  drying  by  placing  it  in  a  moist  chamber  or  by  occasion- 
ally breathing  upon  it.  After  a  few  minutes  place  a  drop  of  1  p.c.  methvl 
violet  at  one  edge  of  the  cover  and  allow  this  to  pass  in  and  mix  with  the 
lolood  :  it  may  be  di-awn  through  the  preparation  by  applymg  a  very  small 
fragment  of  blotting  paper  to  the  opposite  edge.  The  dye  stain.s  the  nuclei  ot 
the  white  corpuscles,  the  blood-platelets,  the  network  of  hbrin-hlaments,  and 
the  membranes  of  the  red  blood-corpuscles.  ,    .       ^      f  n 

The  three  preparations  just  described  cannot  be  kept,  but  the  two  tollow 
ing  will  serve  as  permanent  preparations  of  blood  : — 

4.  To  fix  and  stain  the  coloured  corpuscles  :— Place  upon  a  slide  a  drop  of 
1  p.c.  osmic  acid  mixed  with  an  equal  amount  of  saturated  aqueous  solution 
of  eosin.  Prick  the  finger,  and  mix  the  blood  directly  with  the  coloured 
fluid,  stirring  them  together  with  a  needle.  Cover  the  mixture  and  put 
aside  for  an  hour,  protected  from  evaporation  ;  then  place  a  very  small  drop 
of  glycerine  and  water  at  the  edge  of  the  cover-glass.  ^\  hen  thi.s  lias  pa.ssed 
under,  i.e.  in  about  half  an  hour  or  more,  fix  the  cover-glass  with  gold  size. 

5  To  study  the  granules  of  the  colourless  corpuscles  and  their  different 
reactions  to  staining  reagents,  a  film  of  blood  is  inclosed  between  two  cover- 

'  A  solution  of  sodium  chloride  containing  from  T'S  to  9  grammes  to  the  litre. 
Ringer's  solution  may  also  be  used.  This  is  made  by  saturating  normal  or  isotonic 
salt  solution  witli  calcium  phosphate,  and  adding  ten  milligrammes  of  potassium 
chloride  to  each  litre. 


STUDY  OF  THE  HUMAN  BLOOD-CORPUSCLES. 


31 


glasses,  which  are  at  once  separated  and  the  fihn  on  each  quickly  dried  in  the 
air.  A  slide  may  be  used  instead  of  a  cover-glass  ;  the  drop  of  blood  is  placed 
close  to  the  ground  edge  of  one  slide  and  this  is  drawn  evenly  over  the 


FlO.  37.V. — H.EM.VCVTO.METEK  SLIDE,  KL'LED  IN  SQUAKES  FOK  THE  ENUJIERATION 
OF  BLOOU-CORPUSCEES. 


Fii'.  37r. — Di.voRAM  of  a  section  throx^oh  the  hemacytometer  slide. 

middle  of  auothci-.  The  films  aie  fixed  by  imniei'siou  for  one  hour  or  more 
in  a  mixture  of  alcohol  and  ethei-,  equal  parts  of  each.  A  more  rapid  but 
less  suie  method  of  fixation  is  to  ]jass  the  slide  two  or  thi'ee  times  rapidly 
ovei'  the  fiame  of  a  spii  it  lamp.    The  film  is  then  stained  by  (1 )  a  saturated 
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Fii;.  38. — ArrEAKANCE  of  the  squares  of  tmk  tuoma-zeiss  h.em.vcytometek 
WHEN  USED  FOR  A  BLOOD-COUNT.    Magnified  200  diameters. 

solution  of  eosin  in  75  p.c.  alcohol  (three  minutes),  after  which  it  is  rinsed 
with  water,  and  treated  with  (2)  a  1  p.c.  solution  of  methylene  blue  (one 
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luiuute).  The  tilui  is  again  l  iiisfd  witli  watei-,  lapiclly  dried,  and  mounted 
in  xylol  balsam  or  dammai'.' 

6.  Mount  in  xylol  balsam  or  dammar  sectionK  of  marrow  from  a  long 
bone  (rabbit)  (ixed  with  mercuric  chloiide  or  formol  and  stained  with 
eosin  and  methylene  blue.    Observe  the  fat-cells,  the  supporting  reticulai' 

tissue,  the  proper  marrow-cells  in  this  tissue, 
the  myeloplaxes  and  the  erythroblasts. 

7.  Tease  in  salt  .solution  or  serum  some  of  the 
red  marrow  from  the  rib  of  a  recently  killed 
animal.  Observe  and  .sketch  the  proper  marrow 
cells  (niyelocyte.s)  and  look  for  myeloplaxes 
(giant-cells)  and  nucleated  coloured  blood- 
corjjuscles  (erythroblasts.) 

8.  Make  a  film  preparation  of  led  marrow 
by  smeai'ing  a  little  upon  a  covei  -glass  oi-  slide, 
allowing  it  to  di-y  quickly,  and  placing  it  in  a 
mixtui'e  of  equal  pai-ts  of  ether  and  alcohol. 
After  an  hour  or  moie  in  this,  the  prejaaration 
may  be  stained  with  eosin  and  methylene  blue 
in  exactly  the  same  way  as  a  film  ijrepaiation 
of  blood  (see  §  5),  and  mounted  in  xylol  balsam 
oi'  dammar. 

9.  Enumeration  of  the  blood-corpuscles.  This 
is  done  by  some  form  of  blood  counter  such  as 
the  hieniacytometer  of  Gowei's,  or  the  similai- 
appaiatus  of  Thoma.  This  instrument  consists 
of  a  glass  slide  (fig.  37),  the  centime  of  which  is 
occupied  by  a  small  glass  plate  ha^^ng  its  upper 
suiface  ruled  into  tV  millimeter  scjuares,  sub- 
divided into  smaller  jiortions  to  facilitate 
enumeiation,  and  suri'ounded  by  a  glass  ring 

mm.  thickei'  than  the  luled  glass  plate  (in 
Grower's  instrument,  the  I'uling  is  in  I  mm. 
squares  with  a  ling  i  mm.  thick).  There 
must  also  be  pi-ovided  a  pipette  for  measuring 
the  blood,  and  a  mixing  vessel  which  in  Thoma's 
iusti'unieut  is  combined  with  the  ]jipettc 
(fig.  39).  The  diluting  solution  may  either  be 
that  of  Hayem,  viz.,  distilled  water  200  c.c, 
sulphate  of  soda  5  grms.,  common  .sjilt  I  grm., 
coiTosive  sublimate  0'5  grm.,  or  that  of  Morcano, 
viz.,  97  cc.  of  a  solution  of  sulphate  of  .soda  (in 
distilled  water)  of  sp.  gr.  1020,  to  which  is  added 
chloride  of  sodium  1  gim.,  and  formol  3  cc. 
Fig.  39.— Pipette  USED  FOB  The  finger  is  pricked,  and  the  pipette  filled 
THE  THOM.v-ZEiss  iiMMA-  exactly  with  blood  up  the  1  mark.-  The  pipette 
CYTOMETEK.  jg  then  filled  with   diluting  solution   up  to 

the  101  mark,  the  l)lood  being  thereby  drawn  up  into  the  mixing  vessel, 

'  Other  stains,  such  as  Leishiiian'.s,  Eluiieh's  tri-acid,  and  the  Ehrlich-Bioudi, 
may  also  be  employed  foi-  film.s.    These  ictiuire  only  one  operation. 

2  In  (  Jowcr's  apiiaratu.s  one  pipette  i.s  used  for  measuring  the  blot>d  and 
another  for  the  diluting  fluid,  and  the  two  arc  mixed  in  a  small  glass  vessel  with 
the  aid  of  a  glass  rod  ;  these  are  easier  to  clean  than  the  combined  measuring  and 
mixing  pipette  of  the  Thoma  apparatus. 
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where  it  is  thoroughly  mixed  with  the  solution  by  shaking  the  included 
glass  ball  (fig.  39).  It  is  thus  diluted  100  times.  After  expelling  the  clean 
Huid  in  the  capillary  part,  a  diop  of  the  mixture  is  placed  in  the  centre  of 
the  cell,  and  the  cover-glass  is  gently  laid  on  so  as  to  toueli  the  drop,  which 
thus  foi-ms  a  layer  i\  mm.  thick  between  the  ruled  gla.ss  plate  and  cover- 
glass.  In  a  few  minutes  the  corpuscles  have  sunk  to  the  bottom  of  the  layer 
of  fluid  and  rest  on  the  S(iuares  (tig.  38).  The  number  in  ten  of  the  tV  ii>ni. 
squares  is  then  counted,  and  this,  multiplied  by  100,  gives  the  ntimber  in  a 
cubic  millimeter  of  the  mixture,  or  if  again  multiplied  by  100  (the  amount 
of  dilution)  the  number  in  a  cubic  millimetei'  of  blood. 

For  the  enumeration  of  the  white  corpuscles  the  blood  is  diluted  only  10 
times  instead  of  100  times.  It  is  also  convenient  to  use  one  half  per  cent, 
solution  of  acetic  acid  just  coloured  with  methyl  violet  as  a  diluent  (Thoma). 
This  destroys  the  coloured  corpuscles  and  stains  the  nuclei  of  the  white. 


The  coloured  hlood-corpuscles. — The  coloured  corpuscles  are  com- 
posed of  a  delicate  colourless  highly  elastic  (?  protoplasmic)  envelope, 
and  coloured  fluid  contents,  consisting  mainly  of  a  solution  of  haemoglobin. 
The  existence  of  such  an  envelope  is  shown  by  the  osmotic  effect  of 
water  upon  the  corpuscle,  which  passing  in  through  the  envelope, 
distends  it,  and  eventually  sets  free  the  contents.  The  description 
which  is  current  in  many  text-books  that  the  red  corpuscles  consist 
of  a  porous  solid  stroma,  permeated  with  dissolved  htemoglobin,  is 
incompatible  with  this  and  similar  reactions.  Moreover,  the  envelope 
can  be  distinctly  seen  with  the  microscope,  especially  in  the  amphibian 
corpuscle,  and  can  be  stained  by  reagents.  Tlie  envelope  contains 
lipoid  substances  in  considerable  amount,  and  these  substances  impart 
a  certain  greasiness  to  the  surface  of  the  corpuscle.  It  is  in  all  pro- 
bability due  to  such  greasiness  that  the  corpuscles  run  together  into 
rouleaux  when  the  blood  comes  to  rest  (see  p.  50). 

Under  the  microscope  blood  is  seen  to  consist  of  a  clear  fluid 
(jilasma),  in  which  are  suspended  the  blood  corpuscles  (fig.  40).  The 
latter  are  of  two  kinds :  the  red  or  coloured  (erythrocytes),  which  are 
by  far  the  most  numerous,  and  the  zvhite,  pale,  or  colourless  (leucocytes). 
In  addition  to  these  more  obvious  corpuscles,  blood  contains  a 
variable  number  of  minute  particles  which  were  termed  by  Zimmer- 
niann  the  elementary  particles  of  the  blood,  but  which  are  now  more 
usually  known  as  the  blood-platelets  on  account  of  their  flattened  form. 

Erythrocytes. — When  seen  singly  the  coloured  corpuscles  are  not 
distinctly  red,  but  appear  of  a  reddish-yellow  tinge.  In  the  blood 
of  man  and  of  all  other  mammals,  except  the  Camelidte,  they  are 
biconcave  circular  disks.  Their  central  part  usually  has  a  lightly 
shaded  aspect  under  a  moderately  high  power,  but  this  is  due  to  their 
biconcave  shape,  not  to  the  presence  of  a  nucleus.  They  have,  as  just 
3 
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stated,  a  strong  tendency  to  become  aggregated  into  rouleaux  and 
clumps  when  tlie  blood  is  at  rest,  but  if  it  is  disturbed  they  readily 
become  separated. 

If  the  density  of  the  plasma  is  increased  in  any  way,  as  by  evapora- 
tion, many  of  the  red  corpuscles  become  shrunken  and  crenated  by 


the  passage  of  water  out  of  the  corpuscle.  On  the  other  hand,  a 
diminution  in  the  density  of  the  plasma  tends  to  cause  tlie  red 
corpuscles  to  become  cup-shaped,  but  it  is  erroneous  to  describe  this  as 
the  normal  form  of  the  corpuscle;  although  there  are  a  certain  number 
of  cup-shaped  corpuscles  to  be  seen  in  the  circulating  blood  when  this 
is  examined  in  transparent  parts  of  animals.  By  far  the  largest 
number,  however,  are  biconcave. 

The  average  diameter  of  the  human  red  corpuscle  is  0-0075  milli- 
meter ^  (about  ^jjVtt  inch),  but  a  few  will  always  be  found  somewhat 
larger  (0-0085)  and  a  few  somewhat  smaller  (0-0065  mm.).- 

There  are  from  four  to  five  millions  of  coloured  corpuscles  in  a 
cubic  millimeter  of  blood. 

Leucocytes. — The  colourless  corpuscles  of  human  blood  are  proto- 
plasmic cells,  averaging  0*01  mm.  (^yViT  inch)  in  diameter  when 
spheroidal,  but  they  vai-y  much  in  size  and  sliape.    They  are  far 

'  Also  expressed  us  7"5  /u  or  microns  ;  a  micron  being  tjVtt  millimeter. 

2  The  following  list  gives  the  diameter  in  parts  of  a  millimeter  of  the  red  blood- 
corpuscles  of  some  of  the  common  domestic  animals : — Dog,  0-0073  ;  rabbit, 
0-00()9  ;  cat,  0-0065  ;  goat,  0-0041. 


ERYTHROCYTES. 


35 


fewer  than  the  coloured  corpuscles,  usually  numbering  not  more  than 
eight  to  ten  thousand  in  a  cubic  millimeter  (about  1  to  600  red  cor- 
puscles). Moreover,  they  are  specifically  lighter,  and  tend  to  come  to 
the  surface  of  the  preparation.  If  examined  immediately  the  blood  is 
drawn,  they  are  spherical  in  shape,  but  soon  become  flattened  and 
then  irregular  in  form  (fig.  3),  and  their  outline  continually  alters, 
owing  to  the  amoeba-like  changes  to  which  they  are  subject.  In  some 
kinds  (j)hagocytes)  the  protoplasm  tends  to  take  in  foreign  particles  with 
which  the  cells  come  in  contact ;  in  others  there  seems  to  be  little  or  no 
such  tendency.  Some  of  the  colourless  corpuscles  are  very  pale  and 
filled  with  fine  granules,  others  contain  coarser  and  more  distinct 
granules  in  their  protoplasm ;  others  again  have  a  hyaline  protoplasm 
without  any  apparent  granules.  In  some  corpuscles  {/ym2}hocytes) 
the  protoplasm  forms  only  a  relatively  small  proportion  as  compared 
with  the  nucleus. 

Leucocytes  are  classified  according  to  the  character  and  appearance 
of  the  nucleus  and  the  nature  and  staining  qualities  of  the  granules  in 
their  protoplasm.  Some  granules  are  readily  stained  by  basic  dyes 
such  as  methylene  blue  ;  such  granules  are  accordingly  termed  basiphil. 
Distinct  coarse  basiphil  granules  are,  however,  rare  in  normal  blood, 
although  cells  with  these  granules  are  normally  present  in  the  marrow 
and  in  some  connective  tissues,  and  make  their  appearance  in  the 


Fl<;.  41.— Two  LEUCOCVTliS  of  LKI-IUOSIKE.N,  SUOWnStl  .VTTKACTly.N-Sl-llliKK 

(T.  H.  Biyce.) 
„  ...  ,  ,  4'  *  ''""^rofi.vte  with  kitlney-sliaped  nucleus. 

D,  a  polyu.orph,  w,th  lobud  nucleus  (the  threads  of  chrmnatin  joi.unt'  the  lol,es  are  not  show,,). 

blood  in  leucocythiemia.  On  the  other  hand,  some  granules  more 
readily  take  up  colour  from  acid  dyes,  such  as  eosin ;  these  have  been 
termed  oxyphil  or  eosinophil.  Others  possess  granules  (amphophil)  which 
are  stained  by  both  acid  and  basic  dyes;  and  others  chiefly  by  neutral 
dyes  {neutrophil).  In  some  cells  more  than  one  kind  of  granule  is  met 
with.   The  protoplasm  may  also  contain  clear  spaces  or  vacuoles.  Each 
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leucocyte  has  at  least  one  nucleus,  which  is  difficult  to  see  in  a  fresh 
preparation,  but  is  easily  seen  after  the  action  of  most  reagents  and 
after  staining.  There  is  also  a  centrosonie  with  attraction-sphere 
(fig.  41,  and  fig.  11,  p.  9),  but  special  methods  of  staining  are  necessary 
to  exhibit  these. 

The  following  are  the  chief  varieties  of  leucocj'tes  : — 1.  Polymorphs. 
Cells  with  lobed  or  multipartite  nuclei  and  a  relatively  large  amount 
of  protoplasm,  which  is  highly  amoeboid.  These  are  often  termed 
multi-(poly-)nuclear,  but  the  nucleus  is  rarely  if  ever  multiple,  its 
several  parts  being  nearly  always  joined  by  threads  of  nuclear 
substance.  The  cells  in  question  vary  in  size,  but  when  spherical  are 
usually  not  quite  0-01  mm.  in  diameter.     Their  protoplasm  stains 


Fig.  42. — Various  kinds  of  colourless  corpuscles,  showinc;  tub  diiterest 
CHARACTERS  OF  THE  GRANULES.  (From  a  film  preparation  of  normal  human 
blood. )    Two  of  each  kind  have  been  drawn. 

with  eosin,  this  being  due  to  the  presence  of  fine  oxyphil  granules 
(Kanthack  and  Hardy).  They  are  highly  amoeboid  and  phagocytic, 
and  constitute  from  sixty  to  seventy  per  cent,  of  all  the  leucocytes 
of  the  blood  (fig.  42,  a;  see  also  fig.  67). 

2.  Lym.'phocytes. — These  are  small  cells,  with  a  limited  amount  of 
clear  protoplasm  around  the  nucleus,  which  is  simple,  not  lobed  or 
divided  (fig,  42,  h\  see  also  fig.  15).  The  amoeboid  phenomena  are 
less  marked  in  them  than  in  the  other  varieties  of  leucocytes. 
The  protoplasm  stains  with  methylene  blue.  They  are  about  0-0065 
mm.  in  diameter,  but  some  are  larger  and  appear  to  be  transitional 
between  this  and  the  next  variety.  They  constitute  from  fifteen  to 
thirty  per  cent,  of  the  total  number  of  leucocytes  in  the  blood.  They 
are  relatively  more  numerous  in  infancy. 

3.  Macrocytes. — Large  uninucleated  cells  similar  to  the  last,  but 
larger,  and  containing  much  more  protoplasm  (fig.  42,  c).    Some  of 
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tliese  which  are  SDialler  are  regarded  as  transitional  forms  from  tlie 
last  variety.  The  nucleus  may  be  spherical,  oval,  or  kidney-shaped. 
The- protoplasm  is  hyaline;  it  stains  slightly  with  methylene  blue, 
perhaps  owing  to  very  fine  basiphil  granules.  These  cells  are 
ainojboid  and  phagocytic.  Including  the  transitional  forms,  they 
constitute  about  five  per  cent,  of  all  the  leucocytes  in  blood. 

4.  Oxyphils.  —  These  are  characterised  by  their  coarse  granules, 
which  stain  deeply  with  acid  dyes,  such  as  eosin.  Their  average 
diameter  in  the  spherical  condition  is  O'Ol  mm.  The  nucleus  may 
be  simple  or  lobed  (fig.  42,  d;  see  also  fig.  69).  They  are  amoeboid, 
but  less  actively  so  than  the  finely  granular  cells.  They  are  more 
variable  in  number  than  the  other  varieties,  constituting  sometimes 
not  more  than  one  per  cent.,  and  at  other  times  as  much  as  ten  per 
cent,  of  the  total  leucocytes  of  blood. 

5.  Basiphils. — ^These  are  rarely  if  ever  found  in  normal  blood  (adult), 
but  occur  in  children,  and  in  certain  pathological  conditions  aflPecting 
the  bone  marrow. 

Blood-platelets. — In  the  clear  fluid  in  which  the  blood-corpuscles  are 
suspended,  a  network  of  fine  straight  intercrossing  filaments  (fibrin) 
soon  makes  its  appearance  (fig.  43).  These  often  seem  to  radiate  from 
minute  round  colourless  discoid  particles  less  than  one-third  the  diameter 
of  a  red  corpuscle,  either  separate  or  collected  into  groups  or  jnasses, 
of  variable,  sometimes  of  considerable,  size.  These  are  the  elementary 
particles,  blood-platelets,  or  thrombocytes.  In  the  blood-vessels  they  are 
discrete,  but  immediately  clump  together  in  drawn  blood  (fig.  4-5). 
If,  howevei',  the  blood  is  examined  on  agar  jelly  containing  certain  salts 
in  definite  proportions,  the  platelets  can  be  kept  separate,  and  may 
then  be  submitted  to  very  high  powers  of  the  microscope.  The  result 
of  such  examination  seems  to  show  that  the  blood-platelets  are  not 
mere  inert  particles,  as  has  generally  been  supposed,  but  that  they  are 
protoplasmic  and  amoiboid,  and  that  each  one  contains  a  nucleus 
(fig.  46) ;  that  they  are  in  fact  minute  cells  (Deetjen).  Blood-platelets 
vary  greatly  in  number  :  they  are  estimated  by  Brodie  and  Russell  to 
amount  to  from  5  millions  to  4.5  millions  in  the  cubic  centimeter  of 
blood. 

After  blood  is  drawn,  and  when  it  comes  in  contact  with  foreisn 
matter  or  injured  tissue,  the  blood-platelets  undergo  a  remarkable 
change,  giving  off  viscid  threads  which  adhere  together,  and  also  fix 
themselves  to  adjacent  structures.  This  will  be  again  referred  to  when 
amphibian  blood  is  dealt  with. 

Fatty  particles,  derived  from  the  chyle,  may  also  occur  in  the 
plasma. 
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Development  of  red  blood-corpuscles.— In  the  mesoderm  of  the 
embryo,  at  first  in  that  of  the  yolk  sac  and  subsequently  in  the  body 
of  the  embryo,  the  blood-corpuscles  make  their  appearance  as  amoeboid 
nucleated  cells,  apparently  derived  by  mitotic  division  from  some  of  the 
ordinary  mesoderm  cells  (fig.  47).  These  are  the  blood-cells  or  primitive 
hmmalohlasts.  They  resemble  lymphocytes,  but  after  a  time  the 
protoplasm  of  some  of  them  is  found  to  contain  htemoglobin  (fig.  48) ; 


Fio.  43. — Network  or  fibrin,  shown 

AFTER  WASHINO  AWAY  THE  CORPUSCLES 
FROM  A  PREPARATION  OF  BLOOD  THAT 
HAS  BEEN  ALLOWED  TO  CLOT  ;  MANY  OF 
THE  FILAMENTS  RADIATE  FROM  SMALL 
CLUMPS  OF  BLOOD-PLATELETS. 


Fig.  44.  — Blood-cobpuscles  and  ele- 
mentary PARTICLES  or  blood-plate- 
lets, WITHIN  A  small  vein.    (From  p^^,    43  _Blood-platelets,  highly 
O^l^i"-)  magnified,  showing  the  amoeboid 

forms  which  THEY  ASSUJIE  WHEN 
examined  UNDER  SUITABLE  CONDI- 
TIONS, /CSV!  ALSO  EXHIBITING  THE 
CHROMATIC  PARTICLE  WHICH  EACH 
PLATELET  CONTAINS,  AND  %\TIICH 
HAS  BEEN  REGARDED  AS  A  NUCLErS. 

(After  Kopsoh.) 

ITk;.  45.— a  MASS  OF  BLOOD-PLATELETS, 
FROM  HUMAN  BLOOD.  (Osler.) 

A  few  at  the  edge  are  detached  from  the  rest. 
Tlie  prepanation  liad  been  kept  in  salt  solu- 
tion on  the  warm  stage  for  some  time,  thus 
causing:  a  partial  breaking  up  of  the  mass  of 
platelets.  These  will  be  observed  to  have 
filaments  attached  to  them. 

they  may  now  be  termed  primitive  erythrohlasts. 
appearance  they  are  found  to  be  enclosed  within  a 
mesoderm  or  mesenchyme  (fig.  49),  which  forms  a  network,  at  first 
incomplete  but  afterwards  complete,  at  the  nodes  of  which  are  enlarge- 
ments containing  groups  of  the  primitive  erythrohlasts.  This  gives  to 
the  tissue  the  appearance  of  isolated  reddish  spots— the  blood 
islands  of  Pander.  The  network  becomes  hollowed  out  by  an 
accumulation  of  fluid  in  the  syncytial    protoplasm,  and   thus  are 


Soon  after  their 
syncj'tium  of  the 
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Fifi.  47. — Mesoderm  ceij^s  of  rabbit  embryo,  united  to  form  a  syncttittm. 

(Maximow.) 

m,  oidiiiary  mesoilerm  cells  ;  m',  a  cell  in  karvokinesis  ;  I,  a  primitive  l)loo(l-cell. 


Fid.  48.— Groi'I'S  of  primitive  erythroblasts  in  mesoderm  of  embryo 
RABBIT.  (Maximow.) 

«,  iioniioliliLst.s ;  0,  h',  ervtlirol)lasU ;  m,  niesoderni  cells ;  m',  mesoderm  cells  contaltiing 
h!«mu);loliiii ;  extrusion  of  nucleus  from  an  ervthroblnst ;  n,  an  extruded  nucleus ; 
bl,  an  erythrocyte. 
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Fio.  50.— Part  of  a  blood-vessel  from  the  yolk  sac  of  the  uauhit  emisrvo, 

SIIOWINfl  THE  CIIAN<!ES  WHICH  OCCUR  IN  TllK  I'KOCKSS  OF  FORMATION  OF 

eryth  iiocvTES.  (Maxiiiiow. ) 
a  a  a",  mi-i!a.UMaF:Ui ;  b,  noniioliliusts  in  jirocess  of  traiisfornmlion  into  crvt lirolilasts ; 
'  c'  ei  vtliiol)hu'<t.M,  the  nuclei  of  wliicli  are  l)econlin^r  less  elironiatii;  unci  in  one  or  l\vo 
cells  Imve  almost  (lisapi>eai-e(l ;  rf,  an  erythrocyte  fully  formed  hiil  not  .liscoul ;  m,  en  , 
phttKOcytic  endothelial  cells ;  I,  lyiiiiihocytcs ;  *,  a  diviiled  lymphocyte ;  n,  erylhro- 
UaMs  somewliat  shrunken  an.l  with  atrophyintr  nucleus;  n,  a  nucleus  becomuijr 
cxtmcled. 
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produced  a  number  of  capillary  blood-vessels,  within  which  the 
coloured  nucleated  cells  are  set  free  as  embryonic  blood-corpuscles. 
Within  the  ciiculation  these  multiply  by  mitotic  division,  and  thus 
become  rapidlj'  more  numerous.     The  primitive  erythroblasts  are 


relatively  large,  and  resemble  the  megaloblasts  of  bone-marrow  (see 
p.  43),  but  after  division  they  give  rise  to  smaller  erythroblasts, 
similar  to  the  normoblasts  of  bone-marrow.  These  form  the  nucleated 
coloured  blood-corpuscles  (erythroblasts)  of  the  embryo  during  the  first 
few  weeks  of  intrauterine  life.  They  also  multiply  by  mitotic  division, 
•so  that  the  number  of  nucleated  coloured  blood-corpuscles  becomes 
considerable,  a  certain  number  of  colourless   cells   also  appearing 
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amongst  them.  After  a  time,  ordinary  non-nucleated  blood-disks 
(erythrocytes)  of  very  variable  size  begin  to  appear  amongst  the 
nucleated  cells,  and  these  last  become  relatively  fewer  in  number. 
Before  the  middle  of  intrauterine  life  the  erythroblasts  have  nearly 
disappeared  from  the  blood,  and  their  place  is  taken,  as  in  the  adult, 
by  erythrocytes,  the  erythroblasts  being  confined  to  bone  marrow, 
and  the  various  changes  in  them  which  lead  to  the  development  of 
erythrocytes,  now  taking  place  in  the  marrow  instead  of  in  the  blood- 
vessels as  is  the  case  in  the  early  embryo  (fig.  50). 


FiCl.  52.— BLOOD-COTlPrSCLES  DEVELOPING  WITHIN  CONNECTI\T';-TISSrE  CELI>S. 


a,  a  cell  containing  diffused  haemop loliin  ;  b,  a  cell  ftlled  with  coloured  globules ;  c,  a  cell 
containing  coloured  globules  m  the  protoplasm,  within  which  also  are  numerous 
v  acuoles ;  rf,  an  elongated  cell  with  a  cavity  in  its  protoi)lasm  occupied  bv  fluid  and 
blood-corpuscles  mostly  globular;  e,  a  hollow  cell,  the  nucleus  of  which' has  nuilti- 
plied.  The  new  nuclei  are  arranged  around  tlie  wall  of  the  cavitj',  the  corpuscles  in 
which  have  now  become  discoid  ;  /,  shows  the  mode  of  union  of  a' '  hicnmpoietic '  cell, 
which  in  this  instance  contains  onl\-  one  corpuscle,  with  the  prolongation  (bl)  of  a 
previously  existing  vessel. 

.  The  multiplication  of  erythroblasts  by  mitosis,  and  the  formation 
from  them  of  erythrocytes,  is  found  to  go  on  in  the  blood-vessels  of  the 
embryonic  liver  long  after  it  has  ceased  to  be  observed  in  other  vessels 
(fig.  51).  According  to  Maximow  it  is  not  confined  to  the  blood- 
vessels, but  goes  on  also  in  the  hepatic  tissue  between  the  vessels.  In 
birds  it  continues  to  occur  throughout  life  within  the  blood-vessels 
of  the  bone-marrow. 

Erythrocytes  ai-e  also  formed  at  a  somewhat  later  stage  of  develop- 
ment within  certain  cells  of  the  connective  tissue  {vasoformatitx  cefh),  a 
portion  of  the  substance  of  the  cell  becoming  coloured  by  hasmoglobin, 
and  separated  into  globular  particles  (fig.  52,  a,  b,  c),  winch  are  gradually 
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moulded  into  disk-shaped  red  corpuscles.  In  the  meantime  the  cells 
become  hollowed  out,  and  join  with  similar  neighbouring  cells  to  form 
blood-vessels  (fig.  52,  d,  e,  f).  The  process  is  therefore  somewhat 
different  from  that  in  the  early  embryo,  since  cell-nuclei  are  not 
included  in  the  hiemoglobin-holding  protoplasm  from  which  the 
erythrocytes  are  formed. 

It  has  been  suggested  by  some  writei's  that  the  vasoformative  cells  con- 
taining coloured  coriJusclea  in  various  stages  of  formation  are  in  reality 
portions  of  an  already  formed  vascular  network  which  is  undergoing  atrophy  ; 
and  that  the  corpuscles  within  such  cells  are  not  in  process  of  formation  but 
of  disappearance.  But  since  the  appeaiauces  in  question  are  seen  in  parts  in 
which  vascular  tissues  (such  as  fat)ai'e  undergoing  not  atrophy  but  formation  ; 
and  since,  moreover,  the  hiematoidin  ciystals  and  pigment  gi\anules  which  ai'e 
chai'actei'istic  of  the  disintegration  of  ei'ythrocytes  within  cells  ai-e  not 
present,  it  seems  more  I'easonable  to  interpret  the  appearances  as  indicative 
of  intiacellular  development  of  blood-corpuscles  by  dilfeientiatiou  of  pai  t  of 
the  piotoplasm  of  the  vasofoimative  mesenchyme  cell,  rathei-  than  as  a 
degeneration  of  already  foi'med  blood-vessels  and  blood-coi-puscles. 

Formation  in  bone-marrow. — The  marrow  of  bone  is  of  a  yellow 
colour  in  the  shafts  of  the  long  bones  of  most  animals,  and  is  there 
largely  composed  of  adipose  tissue,  but  in  the  shafts  of  the  long  bones 
of  some  animals,  and  in  the  cancellated  tissue  of  most,  it  has  relatively 
few  fat  cells,  and  is  usually  red,  the  colour  being  partly  due  to  the  large 
amount  of  blood  in  its  vessels.  This  red  marrow  (figs.  53,  54)  is 
chiefly  composed  of  protoplasmic  cells — the  myelocytes  or  marrow-cells — 
which  resemble  rather  large  blood  leucocytes,  and,  like  these,  are  amoe- 
boid. They  also  exhibit  the  same  kind  of  differences  as  to  the 
character  of  the  granules  which  they  contain,  some  being  oxyphil  and 
others  amphophil  or  neutrophil.  But  while  the  blood-leucocytes  rarely 
contain  any  coarse  basiphil  granules,  some  of  the  marrow-cells  contain 
these  in  considerable  numbers.  There  are  also  to  be  seen  mingled 
with  the  marrow-leucocytes  a  number  of  corpuscles  somewhat  smaller 
in  size,  nucleated,  and  at  least  some  of  them  amoeboid,  but  of  a 
reddish  tint  (fig.  54,  e).  These  cells,  which  by  mitotic  division  produce 
erythroblasts,  resemble  the  nucleated  coloured  corpuscles  of  the  embryo. 

They  vary  in  size,  most  measuring  about  -007  mm.  (normoblasts), 
but  some  being  considerably  larger  (megaloblasts),  and  others  con- 
siderably smaller  (microblasts).  The  red  disks  are  formed  from  the 
erythroblasts  by  the  nucleus  disappearing  and  the  coloured  proto- 
plasm becoming  moulded  into  a  discoid  shape.  At  what  time  this 
formation  of  blood-corpuscles  in  the  bone-marrow  begins  has  not 
been  ascertained,  but  after  it  has  commenced  it  continues  through- 
out  the  whole  of  life— the  red  marrow,  especially  that  of  the  ribs, 
being  especially  active  in  this  respect.    In  mammals  the  multiplication 
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Fi(!.  53.— Skctions  of  red  markow.    (Carnegie  Dickson.) 

A,  Mngiiifiert     (liaiiieters.    B,  Magnified  .tOO  diameters. 
The  clear  si)aoes  are  (hie  to  t.ltc  presence  of  fat-cells. 
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of  nucleated  coloured  corpuscles  appears  to  take  place  within 
the  tissue  of  the  marrow  external  to  the  blood-vessels.  It  is 
uncertain  to  what  extent  the  capillary  vessels  of  the  marrow  are 
limited  by  a  complete  endothelium  (see  next  page),  but  in  any  case  the 
formed  erythroblasts  seem  to  readily  pass  into  the  blood  stream.  In 
birds  the  formation  of  erythroblasts  is  confined  to  the  large  blood- 
channels  of  the  marrow,  and  the  transformation  into  erythrocytes 
occurs  within  these  channels. 

Many  of  the  erythroblasts  are  in  process  of  mitotic  division. 
Others  are  seen  with  the  nucleus  in  a  more  or  less  atrophied  condition ; 

m'  '  '      '        I-  III  fo 


Fi(i.  54. — Red  marrow  of  Y0UN(i  rabbit.    Magnified  450  diameters. 

e,  erythrocytes ;  e',  erythroblasts ;  c",  a  tioloured  cell  undergoing  mitotic  division  ;  I,  a 
polymorph  leucocyte ;  m,  ordinary  myelocytes ;  m',  myelocytes  undergoing  mitotic 
division  ;  eo,  an  eosinophil  myelocyte ;  6,  a  basiphil  myelocyte ;  mei/,  a  giant-cell  or 
megakaryocyte. 


from  this  it  may  be  inferred  that  the  transformation  into  a  discoid 
blood-corpuscle  is  accompanied  by  the  disappearance  of  the  nucleus. 
Wliether  it  eventually  becomes  extruded  or  .simply  undergoes  complete 
atrophy  i.s  uncertain.  The  marrow  also  contains  a  number  of  very 
large  cells,  the  giant-cells  or  myeloplaxes  of  Robin  (fig.  54,  meg  ;  fig.  55). 
Giant-cells  are  especially  numerous  wherever  bone  is  becoming 
absorbed,  but  are  not  confined  to  such  situations,  being  normal  consti- 
tuents of  adult  red  marrow.  Sometimes  they  possess  several  nuclei, 
but  most — the  so-called  megakaryocytes — contain  but  one  large  nucleus, 
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which  has  usiuiUy  an  annular  form,  is  lobulated,  and  contains  a  number 
of  nucleoli.  They  are  also  characterised  by  possessing  a  number  of 
centrioles  grouped  together  near  the  centre.  Giant-cells  are  found 
in  all  blood-forming  organs,  e.g.,  the  lymph-glands  and  spleen,  as  well 
as  in  bone-marrow.  Under  pathological  conditions  they  may  occur 
in  many  other  tissues. 

The  existence  of  cells  within  the  marrow  containing  blood-corpuscles 
in  various  stages  of  transformation  into  pigment,  similar  to  those  which 
occur  in  the  spleeii-pulp,  has  been  noted  by  Osier  and  others. 

The  marrow  is  very  vascular,  the  capillaries  and  veins  being  large 
and  thin-walled ;  indeed,  according  to  some  authorities,  the  walls  of 


Fig.  55.— Giant-cell  of  jiaekow  (rabbit)  with  .vnnular  nucleus  and 
NUMEROUS  centrioles.    (M.  Heldenhaln. ) 
*  a,  b,  0,  d,  zones  in  protoplasm. 

the  capillaries  are  imperfect,  so  that  there  is  an  open  communication 
between  them  and  the  interstices  of  the  tissue,  and  in  this  way  it  is 
supposed  that  the  coloured  blood-disks  which  are  produced  from  the 
erythroblasts  of  the  marrow  may  get  into  the  circulation.  There  is 
not,  however,  an  interstitial  circulation  of  blood  in  the  marrow  such  as 
is  found  in  the  spleen,  nor  does  injection  material  such  as  carmine 
gelatine  pass  into  the  interspaces  of  the  tissue ;  but  it  remains  confined 
to  the  vessels,  so  that  the  existence  of  an  open  communication  is 
improbable. 

Development  of  white  corpuscles.  —The  whife  blood-  and  lymph- 
corpuscles  occur  originally  as  free  mesenchyme  cells,  and  are  believed  to 
find  their  way  into  the  vessels  from  the  circumjacent  mesoderm.  Some 
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authorities  state  that  they  are  produced  by  division  of  the  primitive 
blood-cells,  some  of  these  forming  primitive  lymphocytes,  others 
primitive  erythroblasts.  According  to  other  authors  they  do  not 
occur  within  the  first-formed  blood  vessels  of  the  embryo.  They  are 
not  seen  within  the  vasoformative  cells.  In  later  stages  of  foetal 
life  and  during  the  whole  of  post-embryonic  life  they  become  formed  in 
the  bone-marrow,  as  well  as  in  lymph-glands,  in  the  Malpighian 
corpuscles  of  the  spleen,  and  in  other  organs  composed  of  lymphoid 
tissue ;  they  pass  from  these  directly  into  the  lymphatics  and  into 
the  blood. 

It  is  regarded  as  probable,  but  has  notbeen  ascertained  with  certainty, 
that  the  raacrocytes  are  formed  by  enlargement  of  the  lymphocytes. 
Some  authors  believe  that  the  lymphocytes  give  origin  to  all  the  various 
kinds  of  leucocytes.  Others,  on  the  other  hand,  consider  that  the 
polymorphs  and  the  coarsely  granular  oxyphil  leucocytes  are  formed 
within  the  bone-marrow,  which  contains  cells  of  similar  character. 
Leucocytes  with  well-marked  basiphil  granules  are  also  met  with  in 
bone-marrow ;  these  sometimes,  under  abnormal  conditions,  pass  in 
large  numbers  into  the  blood,  which  normally  does  not  contain  any 
such  cells. 
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LESSON  IV. 


ACTION  OF  REAGENTS  UPON  THE  HUMAN  BLOOD- 
CORPUSCLES. 

\.  Make  a  preparation  of  human  blood,  and  apply  a  di  op  of  water  at  one 
edge  of  tlie  covei'-glass.  Examine  at  a  place  where  the  two  fluids  are 
becoming  mixed.  Notice  particularly  the  first  effect  of  water  upon  both  red 
and  white  corpuscles,  as  well  as  the  ultimate  action. 

Sketch  both  kinds  of  corpuscles  under  the  action  of  water. 

2.  Eepeat  on  another  preparation,  using  very  dilute  alkali  (0-2  per  ceut. 
caustic  potash)  instead  of  water.  Notice  the  complete  solution  first  of  the 
white  and  then  of  the  coloured  corpuscles  as  the  alkali  reaches  them. 

3.  Eepeat  on  another  preparation,  using  dilute  acetic  acid  (1  per  cent.). 
Observe  that  the  eflPect  of  the  acid  upon  the  coloured  corpuscles  is  suiiilar 
to  that  of  water,  but  that  it  has  a  different  action  ujwn  the  colourless 
corjjuscles. 

Sketch  two  or  three  of  the  latter  after  the  action  is  completed. 

4.  Make  a  preparation  of  blood  mixed  with  salt  solution,  as  m  Lesson  II.  2, 
and  investigate  the  action  of  tannic  acid(l  part  tannic  acid  to  100  of  distilled 
water)  in  the  same  way. 

Sketch  two  or  three  coloured  corpuscles  after  the  action  is  complete. 

5.  Examine  blood-crystals  of  rat,  guinea-pig,  and  squirrel.  Preimi-ations 
of  hajmoglobin  crystals  cannot  be  kept  permanently. 

6.  Prepare  htcmin  by  heating  a  dry  smear  of  blood  on  a  slide  with  glacial 
acetic  acid.  It  is  not  necessary  to  add  salt  since  this  is  present  in  the  blood. 
The  crystals  of  hsemin  are  permanent. 

Structure   of    erythrocytes. — The  action  of  reagents  upon  the 
human  red  blood-corpuscles  shows  that,  although  to  all  appearance 
^  homogeneous,   they  in    reality  consist  of 

^   an  external  envelope  of  colourless  material 


(the  so-called  Klnmia)  being  left  (fig.  56,  «  to  c).  The  addition  of 
hyperisotonic   solution  fo   salt,  on    the   other  hand,  by  increasing 
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the  density  of  the  fluid  in  which  the  corpuscles  float,  causes  diffusion 
of  water  out  of  the  corpuscle,  and  consequent  shrinking  and  corruga- 
tion of  the  surface,  the  crenated  foi-m  (fig.  56,  f)  being  thereby 
produced.  The  same  change  is  brought  about  by  evaporation  of 
water,  if  the  blood  is  exposed  to  air.  The  separation  of  hc-emoglobin 
from  the  corpuscle  can  be  effected  not  only  by  water,  but  also  by 
dilute  acids,  by  the  action  of  heat  (60°  C),  the  freezing  and  thawing 
of  blood,  the  action  of  ether  or  chloroform,  and  the  passage  of  electric 
shocks.  Bile  and  dilute  alkalies  rapidly  cause  the  red  corpuscles  to 
become  spherical  and  then  almost  instantly  effect  their  complete 
solution  (hsemolysis).    The  mixing  of  blood  from  one  species  of  animal 


Fid.  57. — Blood  crystals,  maonified. 
1,  from  liuiimii  hloort  ;  2,  from  the  tminea-pit' ;  3,  squirrel ;  4,  hamster 

With  the  blood  or  serum  of  animals  of  other  species  frequently  also 
has  a  similar  effect.  In  this  case  the  ha3molytic  action  is  exerted  by 
some  constituent  (hsemolysin)  of  the  foreign  blood,  which  is  special 
for  each  species  and  against  which  the  "host"  can  render  itself 
immune  if,  prior  to  any  large  quantity  of  the  foi'eign  blood  or  serum 
being  injected,  successive  small  injections  be  made;  an  "anti- 
hiemolysin"  being  gradually  produced.  This  fact  is  not  only  of 
interest  as  bearing  upon  the  general  doctrine  of  immunity,  but  also 
serves  to  detect  the  source  of  a  given  sample  of  blood. 

Tannic  acid  produces  a  peculiar  effect  upon  the  red  corpu-scles  (fig. 
5G,  <f)  ■  the  hiemoglobin  is  discharged  from  the  corpuscle,  but  is  im- 
mediately altered  and  precipitated,  remaining  adherent  to  the  envelope 
4 
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in  the  form  of  a  round  or  irregular  globule  of  a  brownish  tinge 
(hiumatin  1). 

Some  of  these  reactions  occur  by  ii  process  of  osmosis  as  in  the  case  of 
watei-,  but  in  otliers  a  solution  of  tlie  envelope  of  the  corpuscle  is  produced 
by  the  reagent,  and  the  hmmoglobin  is  thus  allowed  to  escape.  The  film  or 
envelope  is  pi-obably  composed  of  protoplasm,  containing,  besides  nucleo- 
proteids,  lipoids  ;  and  these  are  substances  which  possess  many  of  the 
physiciil  properties  of  fats,  although  of  a  different  chemiail  composition. 
If  we  assume  that  these  substances  form  an  external  film  to  the  corpuscle, 
the  I'unning  of  the  red  disks  into  rouleaux  can  readily  be  explained,  since  it 
has  been  shown  by  Nori'is  that  disks  of  any  material,  e.g.  cork,  suspended 
in  a  fluid,  tend  in  the  same  way  to  adhere  in  rouleaux,  provided  theii- 
surfaces  are  covered  with  a  layer  which  is  not  wetted  by  the  fluid.  We 
may  also  explain  on  the  same  hypothesis  the  fact  that  no  rent  is  evei-  seen  in 
the  envelopes  of  the  red  corpuscles  even  when  they  appear  to  have  burst, 
for,  if  the  fllm  which  represents  an  envelope  is  of  a  fatty  nature,  any  rent  in 


FlO.  58. — H.^MIN  CRYSTALS,  MAGNiriED.         FiG.  59. — H^MATOIDIS  CETSTAI^. 

(Preyer.)  (Frey.) 

it  would  tend  immediately  to  close  up  again  when  the  opposed  edges  come  in 
contact. 

It  was  also  shown  by  Norris  that  droplets  of  fluid  encompassed  by  myelin 
have  a  tendency  to  assume  a  flattened  shape  ;  thus  offering  an  explanation 
of  the  flattened  foi'ui  of  the  erythrocyte. 

The  more  solid  part  of  the  erythrocyte  is  often  termed  the  stroma,  a  name 
which  rests  upon  a  false  conception  of  the  structure  of  the  corpuscle.  In 
adopting  the  name,  it  was  supposed  that  the  corpuscle  is  formed  of  a 
homogeneous  porous  material  (stroma — Rollett),  in  the  pores  of  which  the 
hicmfiglobin  is  contained,  but  thei'e  is  no  reasonable  foundation  foi'  this 
Ijelief,  which  fails  to  explain  the  well-known  osmotic  phenomena  of  the 
corpuscle  ;  whereas  the  supposition  that  there  exists  an  extei'nal  fllm  or 
envelope  enclosing  a  coloured  fluid  is  in  accordance  witli  all  the  known  facts 
regai'ding  the  action  of  reagents  upon  these  bodieii.  It  is  ti-ue  that  in  the 
fi'esh  mammalian  corpu.scle  the  envelope  is  too  delicfite  to  be  actually 
((l)served  in  the  optical  section  of  the  corpuscle,  but  in  the  blood-corpuscles 
of  ain])hibia  it  can  be  ((uite  di.stinctly  .-^een,  and  with  any  .slight  increa^ic  in 
density  of  the  plasma  it  tends  to  become  wrinkled  and  the  creases  in  it  are 
jilainly  visible.    In  these  corpuscles  also  the   niiokuis  boconics  readily 
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displaced,  in  drawn  blood,  from  its  position  in  the  centre  of  the  coi'puscle  and 
may  lie  quite  at  the  side  (fig.  69)  ;  this  is  a  clear  indication  of  the  rtiiid 
nature  of  tlie  contents  of  the  corjjuscle,  and  by  analogy  we  may  fairly  assume 
a  similar  constitution  for  tlie  mammalian  corpuscle.  Lastly,  it  is  possible  to 
stain  the  envelope  of  the  red  corpuscles  of  a  different  colour  fi'om  the 
remainder  of  the  corpuscle. 

Blood-crystals— Hsemoglobin.— In  the  blood  of  many  animals  (fig.  .57), 
crystals  of  luemoglobin  readily  form  after  its  separation  from  the  red 
corpuscles.  These  crystals  are  rhombic  prisms  in  man  and  most  animals, 
e.f/.  the  rat,  but  tetrahedra  in  the  guinea-pig,  and  hexagonal  plates  in 
the  .squirrel.  In  these  animals  they  at  once  appear  on  .shaking  up  the 
blood  with  chloroform  or  ether,  or  even  on  the  addition  of  water,  with  or 
without  subsequent  evaporation. 

Haemin. — This  name  has  been  applied  to  the  minute  dark-brown  rhombic 
crystals  of  hydrochlorate  of  hivniatin  (fig.  58),  which  are  formed  when  dried 
blood  from  any  .source  whatever  is  heated  with  glacial  acetic  acid. 

Haematoidin. — Thisoccurs  in  the  foi  iu  of  browni.sh-yellow  crystals  (fio-.  r)Q). 
It  is  found  in  old  blood  extravasations  and  in  other  places  where  blood- 
corpuscles  are  undergoing  disintegration  within  the  tissues. 

Action  of  reagents  on  leucocytes.— The  structure  of  the  colourle.ss 
corpuscles  is  also  brought  out  by  the  action  of  some  of  the  reagents 
above  noticed.    As  the  water  reaches  them  their  amceboid  movements 


Fio.  60. 

1,  first  effect  of  the  action  of  water  upon  a  white  blood-coi-pusele  ;  2,  3,  white  corpu.scles 
treated  with  dilute  acetic  acid  ;  n,  nucleus. 

cease;  they  become  swollen  out  into  a  globular  form  by  imbibition 
of  fluid  (fig.  60,  1),  and  the  granules  within  the  protoplasm  can  be 
seen  to  be  in  active  Brownian  motion.  Their  nuclei  also  become 
clear  and  globular,  and  are  more  conspicuous  than  before.  With 
the  further  action  of  the  water,  the  corpuscle  is  disintegrated  and  the 
granules  are  set  free. 

Acids  have  an  entirely  different  action  upon  the  white  corpu.scles. 
Their  nuclei  become  somewhat  shrunken  and  very  distinct  (fig.  60, 
2  and  3),  and  a  granular  precipitate  is  formed  in  the  protoplasm 
around  the  nucleus.  At  the  same  time,  a  part  of  the  protoplasm 
generally  swells  out  so  as  to  form  a  clear  bleb-like  expansion  (an 
appearance  which  also  often  accompanies  the  death  of  the  corpuscle 
from  other  causes).  Caustic  alkalies,  even  when  very  dilute,  rapidly 
cause  the  complete  destruction  of  the  white  corpuscles. 
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LESSON  V. 

THE  BLOOD-CORPUSCLES  OF  AMPHIBIA. 

1.  Obtain  a  cli-op  of  frog's,  toad's  or  newt's  blood,  and  mix  it  with  a  vei-y 
small  quantity  of  normal  salt  solution  u]3on  a  slide.  Examine  with  the  high 
power.  Notice  the  shape  of  the  coloui'ed  corpuscles  both  when  seen  flat  and 
edgeways,  and  the  nucleus  within  each. 

Measure  ten  corpuscles  (long  and  short  diameters),  and  from  the  results 
obtain  the  avei'age  dimensions  of  a  coi-puscle. 

Notice  also  the  colourless  corpuscles,  smaller  than  the  red,  but  larger  than 
the  pale  corpuscles  of  human  blood,  although  otherwise  generally  i-esenibling 
these.    Spindle-shaped  blood-platelets  may  also  be  .seen. 

Sketch  two  or  three  red  corpuscles  and  as  many  white. 

Be  careful  not  to  mistake  the  rounded  liberated  nuclei  of  crushed  red 
corpuscles  for  pale  corpuscles. 

Enormous  cells  and  nuclei  belonging  to  the  cutaneous  gland.s  as  well  as 
the  granular  secretion  of  those  glands  may  be  present  in  this  preparation  if 
it  is  obtained  from  the  newt's  tail. 

'2.  Apply  a  drop  of  water  to  the  edge  of  the  cover-glass  of  the  same 
preparation  and  notice  its  action  upon  the  corpuscles. 

Sketch  two  or  three  corpuscles  altered  by  the  action  of  the  water. 

3.  Mount  another  drop  of  blood,  and  apply  dilute  acetic  acid  (1  per  cent.) 
instead  of  water  at  the  edge  of  the  cover-glass.  Make  sketches  showing  the 
elfect  of  the  acid  upon  both  red  and  white  corpuscles. 

•4.  Examine  the  corpuscles  of  newt's  blood  which  has  been  allowed  to  flow 
into  boric  acid  solution  (2  per  cent.).  Notice  the  effect  produced  upon  the 
coloured  corpuscles.    Sketch  one  or  two. 

5.  Mount  drops  of  glycerine-jelly  containing  (a)  frog's  or  newt's  blood  and 
(6)  bird's  blood,  previously  fixed  by  Flemming's  solution  and  stained  with 
picro-carraine. 

6.  Make  a  film  preparation  of  amphibian  or  avine  blood  as  described  on 
pp.  30-32,  §  5  for  human  blood. 


The  coloured  blood-corpuscles  of  ampMbia  (figs.  61,  62),  as  well  as 

of  nearly  all  vertebrates  below  mammals,  are  biconvex  elliptical  disks, 
considerably  larger  than  the  biconcave  circular  disks  of  mammals.' 
In  addition  to  the  coloured  body  of  the  corpuscle,  which  consists, 

'  The  following  arc  the  dimensions  in  parts  of  a  millimeter  of  the  coloured 
corpuscles  of  some  oviparous  vertebrates  : — 

Long  Diameter.  Short  Diameter. 

Pigeon,   00147  0  0065 

Frog,   OCiSS  0-0157 

Newt,   0029.3  0-0195 

Proteus,   0-0580  (l-(i;i,-)0 

Amphiunia.  (1-0770  0  0460 
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as  in  mammals,  of  hsemoglobin  inclosed  witliin  an  envelope,  tliere 
is  a  colourless  iiudeuK,  also  of  an  elliptical  shape,  but  easily  becoming 
globular,  especially  if  liberated  by  any  means  from  the  corpuscle. 


Fill.  61. — Blood-cobpuscles  of  fkoh.  (Raiivier.) 

a,  seen  on  tlie  fiat ;  l>,  in  optical  section  ;  c,  in  prolilc  ;  y,  a  corpuscle  with  apparent 
vacuoles  (prolialily  parasitic  organisms  which  arc  common  in  fro(,''s  hlood-corpiiscles) ; 
m,  an  amiolioid  leucocyte  ;  n,  a  nucleus  of  an  erythrocyte,  set  free  and  contracted  to  a 
spherical  form  ;  k,  a  lymphocyte  ;  p,  a  blood-platelet. 


A  B 


Fiij.  6'2— Amphibian  erytiikocytes.    (From  photographs.)  ^Magnified 

450  diameters. 
A,  from  the  frog:.    B,  from  the  toad. 


The  nucleus  resembles  that  of  other  cells  in  structure,  being  bounded 
by  a  membrane  and  having  a  network  of  chromatin.  It  is  not  very 
distinct  in  the   unaltered   corpuscle,  but   is  brought   clearly  into 
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view  by  the  action  of  reagents,  especially  acids.  The  action  of 
reagents  upon  the  red  corpuscle  of  amphibia  is  otherwise  similar  to 
that  upon  the  mammalian  corpuscle,  water  and  acetic  acid  causing  it  to 
swell  into  a  globular  form  and  then  to  become  decolorised ;  solution 
of  salt  causing  wrinkling  of  the  envelope,  and  so  on.  As  a  first  effect, 
•water  and  certain  other  fluids  may  cause  the  haemoglobin  to  retire 
from  the  envelope  at  the  points  where  the  fluid  is  passing  through  the 
membrane :  a  stellate  appearance  is  thereby  often  produced.  Boric 
acid  causes  the  hasmoglobin  of  the  newt's  corpuscle  to  become  partially 
or  wholly  collected  around  the  nucleus,  which  may  then  be  extruded 
from  the  corpuscle. 

Immediately  within  the  envelope,  at  the  periphery  of  the  amphibian 
erythrocyte,  is  a  band  of  fine  fibrils  which  are  stained  by  gentian 


A  B 


Fic;.  63. — Erytukocytks  of  j-epidosiken  lakva,  fixed  with  flemmixo's 

SOLUTION  AND  STAINED  WITU   IKON-H.EMATOXYJJN.      (T.   H.   Bryoe. ) 

A,  as  seen  on  the  Hat;  B,  in  section.  In  ,1  the  Hl)i-ils  around  the  edge  me  visihle  as  fine 
lines  ifai  allel  to  tlie  niarg-in  of  tlie  eoi  pusele.  In  B  their  sections  are  seen  as  fine  iwints 
just  witliin  the  thinnest  jiart  of  the  edfe. 

violet  (Meves)  and  can  also  be  seen  cut  across  in  sections  of  tlie 
corpuscles  (Bryce)  (fig.  63). 

The  colourless  corpuscles  of  amphibia,  although  larger,  are 
very  similar  to  those  of  mammals.  Like  them,  they  are  either 
wholly  pale  and  finely  granular,  or  inclose  a  number  of  very 
distinct  granules  of  similar  nature  to  those  met  with  in  mammals. 
These  corpuscles  vary  much  in  size  and  in  the  activity  of  their 
amojboid  movements :  those  which  have  a  multilobular  nucleus  (fig. 
67)  are  usually  the  most  active.  Reagents  have  the  same  effect  upon 
the  amphibian  leucocytes  as  on  those  of  mammals.  The  presence  of 
glycogen  may  be  demonstrated  in  them  by  its  reaction  with  iodine 
(port-wine  colour). 
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The  blood-platelets  (thrombocytes)  in  the  frog  are  fewer  in  number 
than  in  manunals.  Many  are  of  a  spindle  shape  (fig.  6 1 ,  p).  They  contain 


Fid.   64. — A   liU)()l)-l'l,ATi;i,i;T  of  S.VhASIANOK.V,  AND  TlllC  CIIANCKS  \Mll(;il  IT 
UNDEKWENT    I M  .MKDIATELV    AFTEK    WITUDKAWAE    OF    BLOOU    EKOM  THE 

VESSELS.    (F.  Meves.) 

a  nucleus-like  body,  and  like  the  blood  platelets  of  mammals  they 
show  rapid  changes  as  soon  as  the  blood  is  drawn.  These  changes  are 
represented  in  the  accompanying  figures  (figs.  64  and  65)  from  Meves. 
The  elongated  corpuscle  first  contracts  and  becomes  more  or  less 
globular,  its   nucleus  also  changing  similarly  in  shape.  Amoeboid 


Fl(i.  f)5. — A  BLOOD-PLATELET  OF  SALAMANDKA,  SUOWINO   ITS  AMCEBOIll  I'RO- 
JEUTIONS    AND    THE    FIBRINOUS    FILAMENTS    KADIATIN(i    FROM    IT  AND 
ATTACHED  TO  ADJACENT  BLOOD-CORPUSCLES.     (F.  Meves. ) 
Two  erythrocytes,  one  free  nucleus,  and  one  polynioriih  leucocyte  .are  included  in  the  fisr\ire. 

processes  begin  to  be  protruded,  and  then  fine  threads  are  shot  out 
radially  in  all  directions,  these  becoming  attached  to  those  of  other 
platelets,  or  to  any  solid  object  which  may  be  in  the  vicinity  of  the 
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platelet.  The  filaments,  which  appear  to  be  of  a  fibrinous  nature,  and 
may  possibly  be  threads  of  fibrin,  tlien  begin  to  retract  and  drag  upon 
the  objects  which  may  be  entangled  by  them.  In  this  manner  a 
number  of  erythrocytes  may  be  drawn  together  towards  a  common 
centre  and  assume  a  more  or  less  radial  arrangement.  Probably  similar 
changes  occur  in  the  blood-platelets  of  mammalian  blood.  It  is  believed 
that  the  entanglement  of  blood-platelets  and  other  corpuscles  may  serve 
rapidly  to  plug  small  apertures  in  blood-vessels  caused  by  injury,  and 
thus  serve  to  aid  in  arresting  htemorrhage. 

Corpuscles  having  a  similar  character  and  fulfilling  similar  functions 
have  been  also  noticed  in  the  blood  of  invertebrates  (Geddes,  Tait). 
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LESSON  VI. 

THE  AAHEBOIB  FHENOMENii  OF  THE  COLOURLESS 
BLOOD-CORPUSVLES. 

L  Make  a  piepanition  of  blood  from  tlie  finger  in  the  usual  way.  Draw  a 
l)nis]i  just  inoisteiiud  with  thick  paraffin  oil  around  the  edge  of  the  eover- 
gla.ss  to  clieck  evapoiation.  Avoid  an  e.xce.ss  of  oil.  Phice  the  preparatiou 
upon  a  '  warm  stage,'  and  heat  this  to  about  the  temperature  of  the  body 
(38°  C).  Bring  a  white  corpuscle  under  observation  with  the  high  powei-, 
and  watch  the  change.s  of  shape  which  it  undeigoes.  To  become  convinced 
of  these  alterations  in  form,  make  a  series  of  outline  sketches  of  the  same 
corpuscle  at  intervals  of  a  minute. 


Fk;.  66. — Siwri.K  warmino  ai'hakatus,  compIjEte,  shown  in  operation. 

The  simplest  foi-m  of  warm  stage  is  a  copper  plate  of  about  the  size  of  an 
ordinary,  slide,  perforated  in  the  centre  and  with  a  long  tongue  of  the  .same 
n)etal  projecting  from  the  middle  of  one  edge  (fig.  (iOi).  The  copper  plate 
rests  upon  the  stage  of  the  microscope,  with  a  piece  of  cloth  or  other  non- 
conducting material  between.    The  preparation  is  made  upon  an  ordinary 
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slide  or  on  a  large  cover-ghiHs,  whicli  i.s  placed  upon  tlie  wai  in  (stage  and 
l)ressed  into  contact  with  it  by  the  brass  clips.  Heat  is  applied  U)  tlie  copper 
tongue  b_y  a  small  spirit-lamp  Hanie,  and  a  greater  or  less  amount  is  con- 
ducted to  the  warm  stage  and  the  superjacent  preparation  according  to  the 
point  to  which  the  llame  is  ajjplicd.  To  ascertain  that  the  right  temperature 
is  got  and  maintained,  put  two  pieces  of  solid  paraltin,  one  melting  at  35"  C. 


FlO.  (57.— A  POLYMOKPH  LEUCOCYTE  OF  TKITON  FIXED  ]!Y  STEAM  IS  .VMUJBOin 

CONDITION  AND  STAINED  WITH  HEMATOXYLIN.    Untouched  photograph. 
Magnified  1.300  diameters. 
Notiue  the  homoi?eiieous  appearance  of  the  protoplasm  of  the  pseutlopodia  as  eompared 
with  that  of  the  body  of  the  corpuscle.    The  nucleus  is  nuiltilobed,  the  lobes  beinf 
joined  by  threads  of  chromatin.    Its  reticular  structure  is  well  shown. 

(9.5°  F.)  and  another  at  38°  C.  (100°  F.),  on  either  side  of  the  prepaiution. 
The  temperature  must  be  such  that  the  first  piece  is  melted  and  remains  so 
whilst  the  second  remains  uumelted.' 

2.  Mount  a  drop  of  frog's  or  newt's  blood  diluted  with  an  equal  amount  of 
salt  solution,  and  examine  it  in  the  same  manner  upon  the  copper  stage,  at 
first  cold,  afterwards  warm  ;  the  temperature  must,  however,  be  kept  lielow 
30°  C.  Observe  the  effect  of  warmth  in  accelerating  the  amwboid  movements 
of  the  pale  corpuscles.  Sketch  one  at  intervals  of  a  minute  (a)  m  the  cold,  (6) 
whilst  warmed. 

3.  Take  some  yeast  which  has  been  mixed  with  salt  solution,  and  »»x  a 
very  little  of  the  yeast  and  salt  solution  with  a  fresh  drop  of  newts  blood, 
slightly  oiling  the  edge  of  the  cover-glass  as  before.  Endeavour  to  observe 
the  inception  of  the  yeast-toruUe  by  the  white  corpuscles.  Sketcli  one  or 
two  corpuscles  containing  toruhe.  ,  . 

Milk-globules  or  ijarticles  of  carbon  or  of  vermilion  may  also  be  used  tor 
this  experiment,  but  the  process  of  'feeding'  is  most  readdy  observed  with 
the  yeast  particles. 

1  For  exact  work,  an  apparatus  somewhat  more  complex  than  the  above  is 
required.  For  description  of  such  apparatus,  see  the  author  s  Course  oj  I  racHcai 
Histology. 
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4.  At  the  beginning  of  the  lesson  collect  a  drop  of  newt's  or  frog's  blood 
into  a  very  fine  capillary  tube,  seal  the  ends  of  the  tube,  and  mount  it  in  a 
drop  of  oil  of  cedar-wood  or  dammar  varnish  (or  the  clot  may  be  blown  ont 
into  a  drop  of  salt  solution  on  a  slide  and  mounted  in  this  solution).  Towards 
the  end  of  the  lesson  examine  it  to  see  white  corpuscles  emigiating  from  the 
shrunken  clot  (fig.  68). 

5.  To  obtain  a  specimen  with  the  white  corpuscles  fixed  in  anucboid  con- 
dition, make  a  preparation  of  newt's  blood,  mixed  with  salt  solution,  and 
set  it  aside  for  ten  minutes.  By  tliis  time  the  corpuscles  will  be  fieely 
auKcboid,  and  will  probably  show  well-marked  pseudopodia.  To  fix  them  in 
this  condition  let  a  jet  of  steam  from  a  tube  attached  to  a  boiling  flask  or 
kettle  of  water  play  for  a  second  or  two  seconds  upon  the  cover-glass.  The 
heat  instantly  kills  the  corpuscles,  and  they  are  fixed  in  the  form  they 
presented  at  the  moment  the  steam  was  applied.  They  may  now  be  stained 
by  passing  dilute  hcBuialum '  under  the  cover-glass,  or  by  lemoving  the 
latter  and  staining  with  eosin  and  methylene  blue  in  the  mannei'  lecom- 
meuded  for  blood  films.  If  hasmalum  is  used,  the  stain  is  followed  by  dilute 
glycerine,  aftei'  which  the  cover  may  be  cemented  and  the  prepaiation  kept. 

The  amoeboid  phenomena  which  are  exhibited  by  the  protoplasm 
of  the  colourless  blood-corpuscles  consist  of  spontaneous  changes  of 
form,  produced  by  the  throwing  out  of  processes  or  jjseudojMdia  in 
various  directions.    AVhen  first  thrown  out  the  pseudopodia  are  quite 


Fiti.  68.— White  cokpuscles  of  FKo<i's  blood  iMR;KATLNij  fkom  sukunken 

CLOT  WITHIN  A  CAPILLARY  TUBE. 

clear;  they  appear  to  be  produced  by  a  flowing  of  the  hyaloplasm 
(see  p.  4).    If  the  corpuscle  is  stimulated,  either  mechanically,  as  by 

>  Delafield'a  or  Ehrlich's  hematoxylin  can  bo  substituted  for  hajmalum 
wherever  the  latter  is  mentioned.  The  water  used  for  the  dilution  of  hieraa- 
toxylin  solution.s  must  always  be  distilled. 
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tapping  the  cover-glass,  or  electrically,  the  pseudopodia  are  retracted, 
the  corpuscles  becoming  spherical.  A  change  of  form  caused  by  the 
protrusion  of   the  pseudopodia  may,  when  active,  be  followed  by 


Fig.  (59. — An  eosinopull  leucocyte  of  salamandra  meginnisl;  to  adiieue 
TO  AN  BRYTHKOCYTE.  Fresli  preparation  without  addition  of  fluid. 
Untouched  photograph.    Magnified  600  diameters. 

Two  other  erythrocytes  are  included  in  the  fleltl.  Notice  that  the  uuelei  iu  these  have 
uiidertfoiie  a  change  of  position  within  the  corpuscle,  showinjf  that  its  contents  must 
he  completelv  fluid. 


FlO.  70.  A  Hffini.Y  AlNKEBOlll   I'll ACIOCYTKJ  POl.YMORPll  l,Hl  COCYTK  OK  SAI.A- 

MANDUA,  ENVEi.oriNn  A.v  EUVTURocYTE  (a  portion  only  of  this  is  included 
in  the  field).  Untouched  instantaneous  photograph.  Magnified  000 
diameters. 

Four  other  erythrocytes  are  represented. 
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changes  in  place  or  actual  locomotion  (migration)  of  the  corpuscle 
(fig.  68)  When  a  pseudopodiuni,  or  the  external  surface  of  the  cor- 
puscle, comes  in  contact  with  any  foreign  body,  the  protoplasm  tends 
to  How  round  and  enwrap  it  and  it  is  then  drawn  into  the  corpuscle 
(figs.  69,  70) ;  particles  thus  incepted  may  be  conveyed  by  the  corpuscle 
in  its  movements  from  one  place  to  another  (fig.  71).  This  property 
plays  an  important  part  in  many  physiological  and  pathological  pro- 
cesses ;  thus  cells  in  the  spleen  resembUng  large  leucocytes — the 
so-called  splenic  cells — incept  blood-corpuscles,  which  become  broken 
down  within  them  ;  and  pathogenic  bacteria  become  taken  into  the 
protoplasm  of  certain  leucocytes  (on  this  account  termed  2}fia'gocyies), 
there  to  be  destroyed  (MetchnikofF).  The  phagocytic  properties  of 
the  leucocytes  become  especially  developed  as  the  result  of  the  action 


FlO.  7L — CHANfiES  OF  FORM  OF  A  WHITE  BLOOD-COUPUSCLE  SKETCHED  AT 
INTERVALS  OF  A  FEW  MINUTES,  SHOWIN(i  THE  INCEPTION  OF  TWO  SMALL 
GRANULES  AND  THE  CHANOES  OF  POSITION  THESE  UNDJSRWENT  WITHIN 
THE  CORPUSCLE. 

upon  the  bacteria  of  certain  chemical  substances  which  are  present 
to  a  greater  or  less  extent  in  blood  and  which  are  termed  opsonins 
(Wright). 

It  is  probable  that  particles  of  organic  matter  which  are  taken  up 
by  the  pale  corpuscles  may  undergo  some  slow  process  of  intracellular 
digestion  within  their  protoplasm. 

The  processes  of  the  granular  corpuscles  are  quite  clear  at  first ; 
the  granules  afterwards  flow  into  them. 

The  migration  of  the  colourless  corpuscles  from  the  blood-vessels 
into  the  surrounding  tissues  (which  especially  occurs  in  inflamed 
parts),  or  from  a  blood-clot  into  the  surrounding  serum  (fig.  68),  is 
due  to  these  amajboid  properties. 

The  conditions  which  are  favourable  to  this  amneboid  activity  of 
the  white  corpuscles  are  (1)  the  natural  slightly  alkaline  medium. 


62 


TIIK  ESSENTIALS  OF  HISTOLOGY. 


such  as  plasma,  serum,  or  lymph,  or  faintly  alkaline  normal  saline 
solution.  Any  increase  of  density  of  the  medium  produces  a  diminu- 
tion of  amoeboid  activity,  whilst,  on  the  other  hand,  a  slight  decrease 
in  its  density  has  the  opposite  effect ;  (2)  a  certain  temperatui-e.  In 
warm-blooded  animals  the  phenomena  cease  below  about  10°  C.  When 
gradually  warmed  the  white  corpuscles  become  more  and  more  active 
up  to  a  certain  point,  the  maximum  being  a  few  degrees  above  the 
natural  temperature  of  the  blood.  Above  this  point  they  become 
spheroidal  and  at  a  somewhat  higher  temperature  their  protoplasm 
is  coagulated  and  killed.  Acids  at  once  kill  the  corpuscles  and  stop 
the  movements.  Narcotic  gases  and  vapours,  such  as  carbonic  acid 
gas  or  chloroform  vapour,  also  arrest  the  movement,  but  it  recom- 
mences after  a  time  if  their  action  is  not  too  prolonged. 
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LESSON  VII. 

EFIT HELIUM  AND  SECRETING  GLANDS. 

\.  Mount  a  drop  of  saliva  and  examine  first  with  a  low,  afterwards  witli  a 
high  power.  Observe  the  nucleated  epitheliuiu-cells,  some  single,  and  others 
still  adhering  together  by  overlapping  edges.  Measure  three  or  four,  and 
al.so  their  nuclei.  Sketch  one  or  two  on  the  flat  and  one  edgeways.  Notice 
the  .salivary  corpuscles,  whicli  are  migiated  white  blood-coipuscles  swollen 
out  by  imbibition  of  water.  The  pieparation  may  be  stained  with  diluted 
h;vmalum  and  pi'eserved  with  glyceiine. 

2.  Put  a  small  shred  of  human  epidermis  into  a  diop  of  strong  caustic 
potash  solution  (35  p.c.)  for  five  minutes.  Then  break  it  up  in  water  with 
needle.s,  cover  and  examine.    Observe  the  now  isolated  swollen  cells. 

3.  Study  the  arrangement  of  the  cells  in  a  section  through  some  stratified 
epithelium,  such  as  that  of  the  mouth,  skin,  oi'  cornea.'  Notice  the  changes 
in  shape  of  the  cells  as  they  are  traced  towards  the  free  surface.  Measure 
the  thickness  of  the  epithelium.    Count  the  number  of  layers  of  cells. 

4.  Make  a  preparation  of  the  epithelium  of  the  urinary  bladdei',  which 
may  be  modeiately  distended  with  bichromate  of  potash  .solution  (1  jjai  t  to 
800  of  .salt  solution),  and  after  an  houi'  or  two  cut  open  and  placed  in  more 
(if  the  same  solution.  Take  a  small  scraping  of  the  lining  epithelium  on  the 
point  of  a  scalpel,  and  break  it  up  by  tapping  it  in  a  drop  of  very  dilute 
liii'inatoxylin  on  a  slide.  Put  a  small  hair  in  the  diop  and  cover.  Add  a 
small  drop  of  glycerine  at  one  edge  :  allow  this  to  diffuse  undei'.  Cement 
next  day.  Ob.serve  the  large  flat  superficial  cells,  and  the  pear-shaped  cells 
of  the  second  layei'.  Sketch  one  of  each  kind.  The  cells  will  vary  greatly  in 
appearance  according  to  the  amount  of  distension  of  the  oi'gan. 

5.  Study  the  minute  structure  of  epithelium-cells  and  their  nuclei,  both 
at  rest  and  dividing,  in  .sections  of  the  skin  of  the  newt's  tail,  or  in  shreds 
of  peritoneum  or  of  the  anniion  of  the  rat,  or  in  sections  of  the  salamander- 
tadpole.  The  preparation  may,  for  this  purpose,  be  stained  either  with 
hcBmatoxylin  or  iron-luematoxylin,  or  with  some  aniline  dye  such  as 
safl'ranin.' 

Sketch  a  cell  with  re.sting  nucleu.s,  and  others  with  nuclei  in  different 
phases  of  mitosis. 

The  simpler  saccular  skin-glands  of  Amphibia  may  also  be  studied  in 
preparations  fiom  the  newt's  tail. 


An  epithelium  is  a  tissue  composed  entirely  of  cells  separated  by 
a  very  small  amount  of  intercellular  substance  (cement-substance)  and 
generally  arranged  so  as  to  form  a  membrane  covering  either  an 
external  or  internal  free  surface. 

The  structure  of  epitheUum-cells,  and  the  changes  which  they 
undergo  in  cell-division,  are  best  seen  in  the  epidermis  of  the  newt 
'  The  methods  of  preparing  and  staining  are  given  in  the  Appendix. 
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or  of  the  salamander-tadpole  (fig.  72) ;  in  the  latter  especially,  the 
cells  and  nuclei  are  inuch  larger  than  in  mammals. 

Structure  of  the  cells. — Each  epithelium-cell  consists  of  protoplasm 
containing  a  nucleus.  The  protoplasm  may  either  look  granular,  or 
it  may  have  a  reticulated  appearance,  or  may  exhibit  fibrils.  The 
nucleus  is  .spherical  or  ovoid.  Usually  there  is  only  one,  but  there 
may  be  two  or  more.  The  cell-substance  is  often  modified  in  ite 
chemical  nature ;  its  external  layer  may  become  hardened  to  form  a 
sort  of  membrane,  or  the  whole  cell  may  become  horny  (keratinised) ; 
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Yiu.  72. — Epidermis  cells  of  a  larval  salam.\i<"der. 
Magnified  400  diameters.  (Wilson.) 

Three  of  the  cells  are  undergoing  division.  The  intercellular  channels  are  bridged  across 
by  fine  fibres.  At  one  place  a  branched  pigment  cell  is  lying  between  the  epitlielium 
cells. 

or  there  may  be  a  separation  of  materials  (granules)  within  the  cell 
which  are  ultimately  used  by  the  organism,  as  in  some  secreting 
glands. 

Classification  of  epithelia. — Epithelia  are  somewhat  illogically 
classified  par  tly  according  to  the  shape  and  arrangement  of  the  cells, 
partly  according  to  their  function.  Thus  we  speak  of  scaJy  or  pavement, 
cubical,  columnar,  glandular,  and  ciliated  epithelium.  Most  of  these 
are  simple  epithelia,  with  the  cells  only  one  layer  deep.  If  forming 
several  superposed  layers,  the  epithelium  is  said  to  be  stratijied,  and 
then  the  shape  of  the  cells  difi'ers  in  the  different  layers.  Where 
there  are  only  three  or  four  layers  in  an  epithelium,  it  is  t<?rmed 
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Iransitional.  A  classification  according  to  the  function  of  the  epithelium 
may  also  conveniently  be  adopted.  We  should  then  include  under  the 
term  protective  epithelia,  the  pavement,  stratified  and  transitional 
varieties,  under  the  term  secretiiuj  epithelia,  the  cubical,  columnar  ^  and 
glandular  epithelia  (some  of  the  pavement  epithelia  would  come  also 
under  this  head),  while  the  ciliated  epithelia  would  form  a  separate 
division,  as  in  the  classification  above  given. 

Stratified  epithelium  (fig.  73)  covers  the  anterior  surface  of  the 
cornea,  lines  the  mouth,  pharnyx  (lower  part),  gullet,  anal  canal  and 
part  of  the  urethra,  and  forms  the  epidermis  which  covers  the  skin. 
The    vocal   cords   are   covered    by   stratified   opitlielium.     In  the 


Fii:.  78.— Section  of  tiih  sthatikied  kitthemum  of  the  fauces  of  the 
K.\BB1T.    Miignitied  240  diameters.  Pliotograph. 

female  it  also  lines  the  vagina  and  covers  the  os  uteri.  The  cells 
nearest  the  surface  are  always  flattened  and  scale-like,  whereas  the 
deeper  cells  are  polyhedral,  and  those  of  the  deepest  layer  somewhat 
columnar  in  shape.  Moreover,  the  deep  cells  are  soft  and  protoplasmic, 
and  are  separated  from  one  another  by  a  system  of  intercellular 
channels,  which  are  bridged  across  by  numerous  fibrils  passing  from 
cell  to  cell  (figs.  74,  75);  giving  the  cells,  when  separated,  the 
appearance  of  being  beset  with  short  spines  ( prick/ e-celh-  of  Ma.\ 
iSchultze).  These  'bridging  fibrils'  are  not  peculiar  to  stratified 
epithelium,  but  occur  in  many  if  not  in  all  epithelia. 

'  'I'he  coluniimr  epithelium  of  tlie  intestine  is  concerned  as  much  with 
absorption  as  with  secretion,  but  ab.sorption  may  be  regarded  as  a  kind  of 
reversed  secretion. 
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The  deeper  cells  multiply  by  mitotic  division,  the  nuclei  first  dividing 
in  the  manner  already  described.    The  newly  formed  cells  tend  as  they 


Fi,;.  74.— Section  of  el'Idermis  op  cat's  foot  sHowisn  intekcellflar 

CHANNELS,  WITH  BEIDOING  FIBKILS.  (KoloSSOW.) 


Fi(!  75  —Section-  thuouoii  the  uehi'ku  layeks  of  a  stratified  epithelium, 

SHOWINO  FIBKILS,  /,  PASSING  FROM  CELL  TO  CEIJ,  ACROSS  THE  INTER- 
CELLULAR SPACES.  (Ranvier.) 
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enlarge  to  push  those  external  to  them  nearer  to  the  surface,  from 
whicli  tliey  are  eventually  thrown  off.  As  thoy  approach  the  surface 
they  become  hard  and  horny,  and  in 
the  case  of  the  epidermis  entirely  lose 
their  cellular  appearance,  which  can, 
however,  be  in  a  measure  restored  by 
the  action  of  alkalies  (§  2).  The  cast- 
off  superficial  cells  of  the  stratified  epi- 
thelium of  the  mouth,  which  are  seen 
in  abundance  in  the  saliva  (§  1),  are 
less  altei-ed,  and  the  remains  of  a 
nucleus  is  still  visible  in  them  (fig.  76). 
The  stratified  epithelium  of  the  human  skin  (epidermis)  shows  many 
peculiarities:  these  will  be  con.sidered  when  the  skin  itself  is  treated  of. 

Transitional  epithelium  is  a  stratified  epithelium  consisting  of  only 
three  or  four  layers  of  cells.  It  occurs  in  the  urinary  bladder,  the 
ureter,  and  the  pelvis  of  the  kidney.  The  superficial  cells  (fig.  77,  a) 
are  large  and  flattened ;  they  often  have  two  nuclei.  Their  free  sur- 
face is  covered  with  a  cuticular  stratum  (Eggeling),  and  on  their 
under  surface  they  exhibit  depressions,  into  wliich  fit  the  larger 
ends  of  pyriform  cells,  which  form  the  next  layer  (fig.  77,  b). 
Between  the  tapered  ends  of  the  pyriform  cells  one  or  two  layers 


Fui.  76. — EriTUKLiUM-scALES  from 

THE    INSIDE    OF     TUE  MOUTH. 

(Shaipcy. )  Magnified  260  dia- 
meters. 


Flli.   77.— El'lTUELI.VL  CEI,I,S  KKO.M   TIIH   ni-ADniiU  OF  THE  KAIililT.  (Klcitl.) 

Magnified  500  diameters. 

a.  larttc  llattciicd  cell  from  tlic  supeiiloial  layer,  with  two  nuclei  and  with  stroiifjly  nmrke<l 
ndnes  and  iriterveinntj  denressions  on  its  niider  surface  ;  6,  pear-shaped  cull  of  the 
second  layer  adapted  to  a  depression  on  one  of  the  superficial  cells. 


of  smaller  polyhedral  cells  are  found.  The  epithelium  seems  to  be 
renewed  by  mitotic  division  of  these  deeper  cells ;  it  is  possible  that 
the  superficial  cells  also  multiply,  but  in  this  case  by  amitosis. 
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Simple  scaly  or  pavement  epithelium  is  found  in  the  saccules  of  the 
lungs,  in  the  ducts  of  the  mammary  glands,  in  the  kidney  (in  the  tubes 


Fig.  78.— Pavement  epithelium  ok  endothelium  of  a  serous  membkane. 
Nitrate  of  silver  preparation.    Carmine  staininc  of  nuclei. 

of  Henle,  lining  the  capsules  of  the  Malpighian  bodies,  and  covering 
the  glomeruli),  and  also  lining  the  cavities  of  serous  membranes 
(fig.  78),  and  the  interior  of  the  heart,  blood-vessels,  and  lymphatics. 
When  occurring  on  internal  surfaces,  such  as  those  of  the  serous 
membranes,  blood-vessels,  and  lymphatics,  it  is  often  spoken  of  as 


Fici.  79.—  Endotiielium-cells  of  serous  membrane  seen  in  profile  view, 
showing  protoplasmic  bridges  stretching  across  the  intercellular 
SPACES.    (M.  Heideuliain. ) 

endothelium  or  mesothelium.  According  to  v.  Brunn  the  cells  of  a 
serous  epithelium  may  be  provided  with  a  striated  border  on  their 
free  surface,  somewhat  like  that  which  is  found  on  columnar  cells. 

GLA^JDULAK  EPITHELIUM  AND  SECKETING  GLANDS. 

Glandular  epithelium  is  the  essential  tissue  of  all  the  organs  which 
are  known  as  secreting  glands.  Ghuids  are  of  two  chief  kinds.  Tho.so 
which  are  best  known  and  which  are  termed  secreiimj  (/lands  proper  are 
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IV.  V. 


Fiti.  80. — Variofs  kinds  of  ci.ands. 

Simple  saoenlar  (rlaiul  from  aniiiliiliian  skin  (Flenimiiip).  H.  Simjile  tubular  g-land  from 
intestine  (Klemmins;).  III.  A  small  nacemose  frlanrl  willi  a  siiitrle  duct,  d,  into  wliieli 
a  number  of  irrcjful.arly  tubular  acini,  a,  open  (Klennning).  IV.  Part  of  a  tubulo- 
racemose  j;lan<l  witb  the  acini  unravelled  (FlemmiiiK').  V.  W.ax  model  of  a  small 
tubulo-raeeniose  gland  from  the  epiglottis  (llaziarski). 
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furnished  with  a  duct  which  ramifies  in  all  parts  of  the  gland  and  by 
means  of  which  the  products  of  the  secretory  activity  of  the  gland-cells 
are  brought  to  a  free  surface.  Such  glands  have  been  developed  as 
involutions  of  the  surface  upon  which  they  open,  and  their  epithelium 
is  continuous  with  that  of  this  surface,  and  is  in  some  cases,  especially 
where  the  surface  upon  which  the  gland  opens  is  covered  with  columnar 
epithelium,  of  a  similar  character  to  the  epithelium  of  the  surface ;  in 
others  different  in  character.  In  most  glands  the  epithelium  alters  as 
we  trace  the  duct  back  into  the  recesses  or  alveoli  of  the  gland,  and  it  is 


Fig.  81.— Two  cells  feom  a  cotaneous  gland  of  salamaxder-larva, 

SHOWING  THE  SECRETION  GR.ANULES.  (Gurwitscll.) 
The  left-h.and  cell,  which  has  two  nuclei,  is  filled  with  p-anules.    In  the  right-Jmnd  cell 
the  granules  are  heconiinjr  swollen  and  rtissolvect. 

in  these  that  the  characteristic  glandular  cells,  which  are  generally 
polyhedral  in  shape,  are  found.  Every  such  involution  or  ingrowth  of 
epithelium  to  form  a  gland  is,  when  first  formed,  of  a  simple  character, 
shaped  like  a  test-tube  or  fla.sk  and  filled  with  a  solid  mass  of  cells,  but 
it  presently  becomes  hollowed  out  and  the  cells  are  left  as  a  lining  to  the 
connective  tissue  membrane  which  bounds  the  involution.  The  gland 
may  remain  simple  and  unbranched  {simple  saccular  and  simple  tubular 
glands,  fig.  79,  I.  and  IT.),  or  it  may  branch  again  and  again  until  a 
complicated  structure,  in  some  cases  small,  in  others  of  considerable  size, 
is  produced  {compound  tnbnlarand  compound  saccular  {ovracemos'-glavds) 
(fig.  79,  III.,  IV.,  v.),  instances  of  which  are  furnished  by  the  kidneys 
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and  salivary  glands  respectively).  The  cells  which  furnish  the  secretion 
of  the  gland  and  which  line  the  secreting  parts  of  the  tubules  of  a  tubular 
gland,  or  the  alveolar  enlargements  (acini)  at  tlie  ends  of  the  ducts  of  a 
racemose  gland,  are  frequently  partly  or  wholly  filled  with  granules 
in  the  intervals  of  secretory  activity,  and  these  granules  become 
discharged  or  dissolved  and  pass  into  the  secretion  during  activity. 
Secreting  glands  are  always  abundantly  supplied  with  blood-vessels 
and  nerves.  The  former  are  distributed  in  the  connective  tissue  which 
holds  together  the  acini  and  groups  of  acini  (lobules)  of  the  gland; 
the  latter  are  supplied  partly  to  the  blood-vessels  and  partly  ramify 
amongst  the  secretory  epithelium  cells. 

The  liver  differs  from  all  other  secreting  glands  in  being  composed  of 
solid  masses  of  cells  (hepatic  lobules)  instead  of  tubular  acini  lined  by 
epithelium.  It  exhibits  also  other  important  difiierences  in  the  nature 
of  its  blood-supply  and  the  relation  between  the  blood  and  the 
liver-cells. 

The  other  kind  of  secreting  glands,  known  as  the  internally  secrctinc/ 
glands,  are  not  furnished  with  ducts  and  are  usually  described  (along 
with  the  spleen  and  the  lymphoid  structures)  as  ductless  glands.  The 
internally  secreting  glands  are,  like  the  externally  secreting  organs, 
composed  of  epithelial  cells,  sometimes  grouped  in  solid  masses  {e.g. 
suprarenal  gland),  in  other  cases  disposed  around  hollow  vesicles  {e.g. 
thyroid)  which  become  filled  with  the  material  of  the  secretion.  But 
as  in  these  glands  there  is  no  duct  the  secretion  is  carried  into  the 
blood  either  directly  by  the  blood-vessels  of  the  gland  or  indii'ectly 
through  the  lymphatics. 

The  detailed  study  of  the  glands  and  of  other  epithelial  structures 
may  be  reserved  until  the  organs  in  which  they  occur  are  described, 
but  columnar  and  ciliated  epithelia  will  be  dealt  with  in  the  next 
lesson. 

The  hairs  and  nails  and  the  enamel  of  the  teeth  are  modified 
epithelial  tissues.  They  will  be  described  along  with  the  skin  and 
structures  connected  with  the  mouth  respectively. 
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LESSON  VTII. 

COLUMNAR  AND   CILIATED   EPITHELIUM:  ACTION  OF 

CILIA. 

L  Brrak  lip  in  dilute  glycerine  a  shred  of  epithelium  from  a  minute  piece 
of  the  mucous  membrane  of  intestine  (frog)  that  has  been  treated  with  1  per 
cent,  osmic  acid  for  some  hours,  and  has  subsequently  macerated  in  water 
foi'  a  few  days.  The  cells  easily  separate  on  tapping  the  cover-glass. 
Measure  and  sketch  one  or  two  cells. 

The  cover-glass  may  be  at  once  li.xed  by  gold  size. 

2.  Prepare  ciliated  epithelium  from  a  trachea  that  has  been  treated  with 
osmic  acid  like  the  last  jjieparation,  or  that  has  macerated  in  chromic  acid 
solution  (1  to  2000  noi'mal  saline)  for  a  few  days.  Measure  in  one  or  two 
of  the  cells  (a)  the  length  of  the  cell,  {h)  the  length  of  the  cilia,  (c)  the 
size  of  the  nucleus.    Sketch  two  or  thi'ee  cells. 

3.  Mount  in  sea-water  one  or  two  bars  of  the  gill  of  the  marine  mussel 
(fig.  82).  Study  the  action  of  the  large  cilia.  Now  place  the  ^preparation 
upon  the  copper  warm  stage  (see  Lesson  VI.)  and  obsei-ve  the  eft'ect  of  gently 
raising  the  tempei'atui'e. 


Fif!.  82. — V.VLVE  OF  MUSSEL  (mytilus  eduj-is)  showing  iir,  br,  the  EXP.\KDEn 

filLLS  OR  BR..\NCnLj15,  WHICH,  0WINH  TO  THE  LITTI,E  B.ARS  OF  WHICH  THKV 
ARE  COMPOSED,  PRESF.NT  A  .STRIATED  ASPECT. 

ml,  mantle  ;  m,  cut  adcliictor  iiuiscle  ;  i,  mass  of  viscera ;  the  dark  projection  just  above 

is  the  foot. 

Keep  this  jjreparation  until  the  end  of  the  lesson,  by  which  time  many  of 
the  cilia  will  have  become  languid.  When  this  is  the  ca.se  pass  a  drop  of 
dilute  potash  solution  (1  part  KHO  to  1000  of  sea-water)  under  the  cover- 
gla.ss  and  obsci'vc  the  effect. 

4.  Cement  with  sealing-wax  a  i)iece  of  small  glass  tubing  to  a  slide  so  that 
one  end  of  the  tube  comes  neai-Iy  to  the  centre  of  the  slide.  To  do  this 
effectually  the  slide  must  be  heated  and  some  .sealing-wax  melted  on  to  it 
and  allowed  to  cool.    The  glass  tube  is  then  made  hot  and  applied  to  the 
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slide,  embedding  itself  as  it  does  so  in  the  sealing-wax.  Apply  a  l  ing 
of  modelling  wa.x  (half  an  inch  in  dianietei'  and  rising  above  the  glass  tube) 
so  as  to  iniTiule  the  end  of  the  tube.  Make  a  deep  notch  oi'  a  hole  in  the 
ring  opjjosite  the  tube  for  the  e.xit  of  the  gas.  Place  a  drop  of  water 
within  the  I'ing  (lig.  H'.i). 


Ficj.  83. — Moist  ruAMiiKH  An.ArTEn  for  pas.sin(i  a  oa.s  or  v.vroT'R  to  a 

rKHPAItATION   I'lNDKR  TnU  MIOROSnOPE. 

Pnt  a  bar  from  the  gill  upon  a  cover-gla.ss  in  the  least  ))o.ssible  ipiantity  of 
sea-water  ;  invert  the  cover-gla.ss  over  the  putty  ring,  and  ])iess  it  gently 
and  eveidy  down.  The  preparation  hang.s  in  a  mo/M  chamher  within  which 
it  can  be  studied  through  the  cover-glass,  anil  into  which  ga.ses  or  \apours 
can  be  passed  and  their  effects  obsei-ved. 


Fro.  84.— Method  of  .strBjECTiNn  a  preparatton  to  a  stream  of  t'ARnox 

DIOXinE. 

h,  bot.He  coiilaitiinsr  inarlile  ami  hydrochloric  acid  ;  h',  Witsh-liol.tle,  coiiiiceled  liv  iiiilia- 
rubljer  tuliD,  t,  with  the  moist  chamher,  x. 

Pass  COj  through  the  chamber,  and  after  observing  the  effect  rejilace  it  by 
air  (see  fig.  84).    Eepeat  with  ether  vapour  and  with  chloroform  \  a])our. 

Columnar  epithelium  and  ciliated  epithelium  are  for  tlie  most  part 
found  covering  the  inner  sui-face  of  mucous  membranes;  which  are 
membranes  moistened  by  mucus  and  lining  passages  in  communication 
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with  the  exterior,  such  as  the  alimentary  canal  and  the  respiratory  and 
generative  passages.  The  cells  of  a  columnar  epithelium  form  a  single 
layer,  vaiying  in  thickness  according  to  the  lengtli  of  the  constituent 


i 


it.  uj,. 


Fig.  85.— Section  or  thyhoid  of  cat,  shonntng  gland-\tssicles  lined  with 
CUBICAL  EPITHELIUM.    (Vincent  and  Jolly. ) 

cells,  and  when  the  cells  of  a  columnar  epithelium  are  short,  the 
epithelium  is  spoken  of  as  cubical,  such  as  that  which  lines  the 
vesicles  of  the  thyroid  gland  (fig.  85).  The  cells  of  a  columnar 
epithelium  (fig.  86)  are  prismatic  columns,  which  are  set  closely  side  by 
side,  so  that  when  seen  from  the  surface  a  mosaic  appearance  is 
produced.    They  often  taper  somewhat  towards  their  attached  end, 


Fig.  86.  ^i<5.  87. 

Fig  86. -a  row  of  columnar  cells  from  the  intestine  of  tue  uAcmT. 

Smaller  cells  are  seen  between  the  epithelium-cells ;  these  arc  leucocytes. 

Fig.  87.— Columnab  epithelium-cells  of  the  rabbit's  intestine. 
More  highly  magnified. 
ThP  ppUs  have  been  isolated  after  maceration  in  \  er.v  weak  clu-omic  aci<i.    The  colls  are 
nu  ch  vacuolatt'  l  ami  one  of  them  ha.s  a  fat-globule  .aclherinp  to  it  near  its  attached 
n  1  Nhe  s?r^^^^^^^  border  («(r)  is  well  seen,  .and  the  bright  rt<-*  scj«nj^,g  a  ^^^m  the 
cell- Hotonla-sm  ;  n,  nucleus,  with  iiitimuiclear  network  •  «,  a  Ihii  ncU-out  wnifc  nKc 
project,  of  the  cell  whicli  i.rohabl.v  fitted  between  two  .-uljacent  cells. 

which  is  generally  truncated,  and  set  upon  a  basement  membrane. 
Their  free  surface  is  covered  by  a  thick  striated  border  (figs.  86  to  89) 
which  may  sometimes  become  detached  in  teased  preparations.  The 
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protoplasm  of  the  cell  is  highly  vacuolated  and  reticular,  and  fine 
longitudinal  strije  may  be  seen  in  it  (figs.  88,  89).  Between  the 
striated  border  and  the  protoplasm  of  the  cell  i.s  a  highly  refracting 


Fin.  88.— A  COLUMNAR  m'lTnEMUM-CEW,, 


Fic.  90. — Transtorse  section  of  a  -NaLi.us  (man),  showino  numerous 

(10nr,ET-CELI^  BETWEEN   THE    ORDINARY    COLUMNAR    CELLS.      (v.  Ebnor.) 

Magnified  530  diameters. 

rt,  basenieiit-inc'inbranc,  here  -somewliat  slirunkcii  .away  from  epithelium  ;  b,  goblet-cells ; 
c,  cutioula  ;  d,  latiteal ;  e,  eolunuiar  epitheliuin  ;  /,  leucocytes  in  epitheliinn  ;  /',  leuco- 
cytes below  epithelium  ;      lar^'e  leucocytes ;  <j,  ijlood-vessels. 

disk  which  contains  fine  dumb-bell  shaped  particles  set  vertically, 
connected  below  with  the  fibrils  or  strine  which  run  through  the  cell 
protoplasm.    It  has  been  suggested  that  these  particles  are  formed  by 


76 


THE  ESSENTIALS  OF  HISTOLOGY. 


multiplication  of  the  centrosome,  but  the  fact  cannot  be  regarded  as 
established.  The  nucleus  is  ovoid  and  reticular.  The  lateral  borders 
of  the  colls  are  often  somewhat  irregular  or  jagged,  the  result  of  the 
pi'esence  of  amceboid  cells,  which  are  generally  found  between  the 
columnar  cells,  at  least  in  the  intestine.  After  a  meal  containing  fat 
the  epithelium-cells  of  the  small  intestine  contain  fat  globules,  w  liich 
become  stained  black  in  osmic  preparations. 

Columnar  epithelium-cells  are  found  lining  the  whole  of  the  interior 
of  the  stomach  and  intestines :  they  are  also  pi-esent  in  the  ducts  of 
most  glands,  and  sometimes  also  in  their  secreting  tubes  and  saccules. 
The  epithelium  which  covers  the  ovary  is  also  of  a  modified  columnar 
shape,  but  cells  having  all  the  structural  peculiarities  indicated  above 
are  found  only  in  the  alimentary  canal  and  in  its  diverticula. 

Goljlet-cells. — Some  of  the  cells  of  most  columnar  epitheha  (fig.  90), 
and  also  cells  of  glandular,  ciliated,  and  transitional  epithelia,  contain 
mucigen,  which  is  laid  down  within  the  cell  in  the  fonn  of  granules 
(fig.  89,  fig.  91,  ml,  m-).  These  granules  eventually  swell  up  to  form 
globular  masses  which  may  run  together  and  greatly  distend  the  part 
of  the  cell  nearest  the  free  border.  When  the  mucigen  is  extruded  as 
mucus  the  cell  takes  the  form  of  a  goblet  or  chalice,  hence  the 
name. 

These  goblet-cells,  or  as  they  are  more  appropriately  termed,  mucus- 
secreting  cells,  are  probably  not  mere  temporary  modifications  of  the 
ordinary  columnar  and  ciliated  cells  amongst  which  they  are  found,  but 
permanently  dififerentiated  cells,  which,  after  having  got  rid  of  their 
mucus  by  extrusion,  again  form  a  fresh  supply  in  the  same  way  as 
before.  In  the  gastric  mucous  membrane  all  the  surface  epithelium  is 
composed  of  mucus-secreting  cells,  and  they  extend  also  into  the  mouths 
of  the  elands.  In  the  large  intestine  also  most  of  the  cells  both  of  the 
surface  and  in  the  glands  are  goblet-cells.  According  to  the  observations 
of  Carlier  those  of  the  gastric  mucous  membrane  are  connected  together 
laterally  by  protoplasmic  fibres. 

Ciliated  epithelium.— Ciliated  epithelium  is  found  in  man  throughout 
the  whole  extent  of  the  air-passages  and  their  prolongations,  but  not  in 
the  uppermost  part  of  the  nostrils  which  is  supplied  by  the  olfactory 
nerves,  nor  in  the  lower  part  of  the  pharnyx,  nor  in  the  ternnnal 
bronchioles  and  pulmonary  alveoli.  It  also  occurs  in  the  Fallopian 
tubes  and  the  greater  part  of  the  uterus ;  in  the  eff'erent  tubes  of  the 
testicle ;  and  in  the  ventricles  of  the  brain,  and  the  central  canal  of  the 
spinal  cord.  The  cells  of  a  ciliated  epithelium  are  usually  columnar  in 
shape  (figs.  91,  92),  but  in  place  of  tlie  striated  border  of  the  ordinary 
columnar  cell  tlie  free  surface  is  surmounted  by  a  bunch  of  fine  tapering 
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Fu:.  91. — Ciliated  columk.vk  ei'ithklium, 

FKOM  THE  TKACIIE.V  OF  A  RABBIT. 

iui,  m-,  mi',  niuuus-secretiiig  cells  in  \  arious  stages  of 
inucipen  formation.  The  iu'epivratioii  was  treated 
with  dilute  chromic  acid. 


FiC.  9.3. — CoLU.MNAR  CILIATED 
ErlTlIELlUM-L'ELLS  FKOM  THE 
LOWEli  I'.VRT  OF  THE  HUMAN 
NASAL  PASSAGES.  EXAMINED 

FKESli  IN  SEKU.M.  ■  (8hai-pey.) 


'»''''*^^' 


Fni.  92. — Four  ciliated  cells. 
(v.  Lciihossck. ) 


Fid.  94. — ClLl.VTED  CELL,  FROM 

the  intestine  of  a  mollusc. 
(Engelniann.) 
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filaments  {vibralik  cilia),  which,  during  life,  move  sponUneously  U)  and 
fro,  and  serve  to  produce  a  current  in  the  iluid  which  covers  them. 
The  border  upon  which  the  cilia  are  set  is  bright  in  the  living  condition  : 
after  fixation  it  appears  formed  of  little  j  uxtaposed  kiioba  or  basal  particles, 
to  each  of  which  a  cilium  is  attached. 

In  the  large  ciliated  cells  which  line  the  alimentary  canal  of  some  molluscs 
(fio'S.  92,  94),°ind  with  less  distinctness  in  the  ciliated  cells  of  vertebrates, 
the  icnob  may  be  observed  t(j  be  prolonged  into  the  protoplasm  of  the  cell  as 
a  tine  varicdse  filament,  termed  the  rootlet  of  the  cilium.  Since  the  axial 
fibril  in  the  tail  of  the  spermatozoon  (which  is  commonly  regarded  as  a 
cilium)  is  developed  in  connection  with  the  centrosome,  it  h:is  been  supposed 
that  the  cilia  of  an  ordinary  ciliated  cell  may  also  be  outgrowths  from 
the  (multiplied)  centrosome.  But  although  it  may  be  the  case  that  the 
basal  particles  aie  formed  by  the  division  of  the  centrosome  of  the  cell,  in 
which  case  the  rootlets  may  represent  the  fibrils  of  archoplasm  which 
radiate  from  the  centrosome  of  such  a  cell  as  the  white  corpuscle  (fig.  11),  it 
appears  not  to  be  true  that  the  cilia  are  developed  from  these  basal  par- 
ticles, for  the  cilia  sometimes  appear  before  the  basal  particles.  In  plant 
spoi'es,  which  have  no  ceutrosomes,  the  cilia  are  developed  from  amteboid 
processes  of  the  ectoplasm  of  the  cell  (Strassburger).  Similar  basal  particles 
and  longitudinal  fibrils  are  found  in  columnar  cells  (p.  75),  and  these 
are  probably  homologous  with  the  knobs  and  rootlets  of  the  ciliated  cell, 
while  the  bunch  of  cilia  of  the  latter  is  represented  by  the  striated  boi-der 
of  the  columnar  cell. 

The  action  of  cilia. — When  in  motion  a  cilimn  is  bent  quickly  over 
in  one  direction  with  a  lashing  whip-like  movement,  immediately 
recovei'ing  itself.  When  vigorous  the  action  is  so  rapid,  and  the 
rhythm  so  frequent  (ten  or  more  times  in  a  second),  that  it  is  im- 
possible to  follow  the  motion  with  the  eye.  All  the  cilia  upon  a 
ciliated  surface  are  not  in  action  at  the  same  instant,  but  the  move- 
ment trayels  in  waves  over  the  surface.  If  a  cell  is  detached  from 
the  general  surface,  its  cilia  continue  to  act  for  a  while,  but  their 
movement  at  once  ceases  if  they  are  detached  from  the  cell.  If, 
however,  a  portion  of  the  cell  protoplasm  is  detached  with  them, 
they  will  continue  to  move  for  a  time. 

The  rhythm  is  slowed  by  cold,  quickened  by  warmth ;  but  heat 

beyond  a  certain  point  kills  the  cells.    The  movement  mil  continue 

for  some  time  in  water  deprived,  of  oxygen.    Both  CO,  gas  and  etlier 

and  chloroform  vapour  arrest  the   action,  but  it  recommences  on 

restoring  air,  if  their  action  is  not  too  prolonged.    Dilute  alkaline 

solutions  quicken  the  activity  of  cilia,  or  may  even  restore  it  shortly 

after  it  has  ceased. 

Theories  of  ciliary  action.— Various  attempts  have  been  made  to  explain 
the  manner  in  which  cilia  act.  One  hypotl.esis  supposes  that  one  side  only 
of  each  cilium  is  contractile,  the  other  side  being  ehustio,  or  ttiat  t  ><-i(.  is  a 
more  rigid  but  elastic  axis  and  a  contractile  covering.  It  is,  nowevei, 
impossiWe  that  a  soft  structure  like  a  cilium  could  be  bent  over  in  a  uniform 
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curve  by  contraction  along  one  side  ;  such  contraction  could  only  produce 
shoi  tening  and  wrinkling  of  the  ciliuni,  eti'ects  which  are  never  observed. 
Anotlier  hypothesis  assumes  that  the  projecting  cilia  are  .set  in  action  by 
rhythmic  lateral  contraction.s  in  tlie  protoplasm  ;  wliich,  by  moving  the 
rootlets,  cause  the  cilia  to  bend  over  as  a  whip  is  bent  by  movements  of  the 
wrist  a])])lied  to  its  handle.  But  this  again  implies  an  amount  of  rigidity 
which  neither  the  cilia  nor  the  rootlets  pos.se.ss,  for  it  must  be  borne  in  mind 
lliat  they  have  to  overcome  the  I'esistauce  of  tluid,  and  of  Huid  which  is  in 
Muiny  cases  highly  vi.scous. 

The  simplest  hypothesis  appears  to  be  that  they  arc  curved  Hattened 
hollow  lilaments,  the  interior  communicating  with  the  cell-protoplasm.  All 
cilia  and  cilium-like  structures  (flagella)  which  are  suf- 
ticiently  large  to  show  any  structural  dJHerentiation, 
exhibit  an  external  membranous  covering  and  a  clear  and  i", 
usually  structureless  contents,  but  the  minute  size  of  \\ 
ordinary  cilia  prevents  one  from  determining  whether  ■' ', 

this  is  al.so  the  case  with  them.    If  it  is  the  ca.se,  then  I  '; 

rhythmical  variations  of  pre.ssure  within  the  cell-proto- 
plasm, which  might,  as  in  the  case  of  ama'boid  move- 
ments, be  caused  by  alterations  in  sui'face  tension,  would 
be  tiansmitted  to  the  cilia  and  would  cause  the  curve  to 
open  out,  and  again  to  assert  itself,  according  to  the 
degree  of  tension  within  the  tubidar  filament.  Such 
action  can  be  imitated  with  a  curved  Hattened  flexible 
tube  attached  to  a  pressure  bag  (Hg.  95).  Any  increase 
of  pressure  causes  the  tube  to  straigliten  out ;  on  again 
decreasing  the  pressure  the  tube  bends  over  exactly  in 
the  manner  of  a  cilinni.  This  hypothe.sis  has  the  advan- 
tage over  the  others  which  have  been  ottered  that  it 
explains  the  movements  of  cilia  on  a  theory  which  is 
similar  to  that  which  gives  the  most  prol)able  explanation 
of  anucboid  movements  of  protoplasm,  viz.,  that  they  are  due  to  variations 
in  surface  tension,  and  it  thus  brings  these  two  forms  of  protoplasmic 
activity  into  line  with  one  another.  It  will  presently  be  .shown  that 
the  changes  which  occur  iu  muscle  iu  contraction  are  susceptible  of  a 
similar  explanation. 


Fio.   95.— MoDKT, 

TO  ILLUSTR.VTE 
TUB  ACTION  OF 

A  ciLinm. 
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LESSON  IX. 

THE  CONNECTIVE  TISSUES. 

AKEOLAR  AND  ADIPOSE  TISSUE.     RETIFOKM  TISSUE. 

1.  Takk  :i  little  of  the  subcutiineous  tissue  or  of  the  iutermusculai-  cumiective 
tissue  of  a  rabbit  or  guiuea-pig  and  spread  it  out  with  needles  on  a  dry  slide 
into  a  large  thin  film.  Keep  the  centre  moist  by  occasionally  breathing  ou 
it,  but  allow  the  edges  to  dry  to  the  slide.  Before  connnenciug  put  a  di;op 
of  salt  solution  ou  a  cover-glass,  and  now  invert  this  over  the  film.  Examine 
with  a  high  power.  Sketch  one  or  two  bundles  of  white  fibres  aud  also  one 
or  two  elastic  fibres,  distinguishable  from  the  former  by  their  sharp  outline, 
isolated  course,  and  by  theii-  branching.  Sketch  also  one  or  more  connective- 
tissue  corpuscles,  if  any  such  are  visible  in  the  clear  intei'spaces.  Look  also 
for  migratory  cells  (leucocytes).  Next  carefully  remove  the  cover-glass  and 
replace  the  salt  solution  by  dilute  acetic  acid  (1  per  cent.).  Watch  its  effect 
in  swelling  the  white  fibres  and  bringing  more  clearly  into  view  the  elastic 
fibres  and  corpuscles.    Look  for  constricted  bundles  of  white  fibres. 

2.  Make  another  very  thin  film  in  the  same  way,  but  allow  to  dry  com- 
pletely. Pour  over  the  film  a  1  per  cent,  solution  of  magenta  in  50  per  cent, 
alcohol,  to  which  1  drop  per  cubic  centimeter  of  a  1  per  cent,  .solution  of 
gentian  violet  in  alcohol  has  just  been  added.  After  one  mmute  di-ain  this 
ofl;  wipe  round  the  specimen  and  allow  the  remainder  of  the  stamiug  solution 
to'diy  ou  the  film.  When  completely  dry  mount  in  dammar.  The  elastic 
fibres  are  deeply  stained  ;  the  cells  are  also  well  shown.i 

3.  Prepare  another  film  of  the  subcutaneous  tissue,  including  a  little 
adipose  tissue.  Fix  by  pouring  over  it  formol  (10  p.c.)  and  leave  this  m 
contact  with  the  film  for  20  minutes.  Wash  with  water  and  sUiiii  with 
saturated  solution  of  Sudan  III.  or  Scharlach  R.  in  75  p.c.  alcohol ;  wa.s  i 
with  75  p.c.  alcohol  to  remove  stain  from  everything  except  fat,  then  wa.sli 
with  water  and  stain  with  dilute  hcematoxyliu.  Mount  iii  glycerine  and 
water.  Examine  first  with  a  low  and  afterwards  with  a  high  power.  The 
fat  is  well  brought  out  by  the  Sudan  III.  or  Scharlach  E.  stain  ;  if  the 
preparation  is  from  a  young  animal,  fat-cells  will  be  found  m  proce-ss  ot 
formation.    Measure  aud  sketch  two  or  three  of  the  cells.  ' 

The  fat  may  also  be  stained,  without  prior  Hxatioii,  by  treatment  witli 
1  p.c.  osmic  acid  solution. 

4.  Spread  out  another  large  film  of  connective  tissue,  letting  its  edges  dry 
to  the  slide,  but  keeping  the  centre  moist  by  the  breath.  Place  on  its  centre 
a  large  dron  of  nitrate  of  silver  solution  (1  per  cent.).  After  hve  iniiiut,es 
wash  this  away  with  distilled  water,  and  expose  to  direct  sunlight  unt.il 
sli.rhtly  brown.  Now  allow  the  film  to  diy  completely,  and  cover  it  in 
danimar  varnish  or  Canada  balsam^dissolved  in  xylol.  Sketch  the  outlines 
of  two  or  thi  ce  of  the  cell-siwces. 

5.  To  display  retiforin  tissue  the  following  method  is  recommended 
by  Spalteholz.    Place  a  piece  of  the  organ  {e.g.  lymphatic  gland)  for  twenty- 

1  Mallory's  stain  (see  Appendix)  may  also  be  used  for  connective-tissue  fibres. 
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four  hours  or  more  in  alcohol,  then  overnight  at  38°  C.  in  a  1  per  cent, 
solution  of  carbonate  of  soda  to  which  a  few  drops  of  a  solution  containing 
trypsin  have  been  added.  Cautiously  transfer  tlie  semi-digested  structure 
to  alcohol  again,  and  leave  it  for  a  few  hours.  Embed  in  paraffin  in  the 
u.sual  way  and  stain  the  .sections  with  iron  hasniatoxylin.  The  fibrils  of 
connective  and  retiforni  ti.saue  are  the  only  structuies  which  have  I'emained 
undigested  and  they  are  deeply  coloui'cd  by  the  hajniatoxylin. 

The  connective  tissues  include  areolar  tissue,  adipose  tissue,  elastic 
tissue,  fibrous  tissue,  reticular  and  lymphoid  tissue,  cartilage  and  bone. 
All  these  tissues  agree  in  certain  microscopical  and  chemical  characters. 
They,  for  the  most  part,  have  a  large  amount  of  intercellular  substance 


Fig.  96. — White  .^nd  el.\stic  fibres  of  areol.vr  tissue. 
A,  bundles  of  white  flbi-es  jiai-tly  iiiii-avellecl.    B,  ela.stic  fibres. 


in  which  fibres  are  developed,  and  these  fibres  are  of  two  'kinds,— white 
and  yellow  or  elastic.  Moreover,  there  are  many  points  of  similarity 
between  the  cells  which  occur  in  these  tissues ;  they  are  all  developed 
from  the  same  embryonic  formation,  and  they  tend  to  pass  imper- 
ceptibly the  one  into  the  other.  Besides  this,  the  use  of  these  several 
tissues  i^ similar;  they  mostly  serve  to  connect  and  support  the 
other  tissues,  performing  thus  a  passive  mechanical  function.  They 
may  therefore  be  grouped  together,  although  diflering  considerably 
in  external  and  even  in  microscopic  characters.  Of  the  connective 
tissues,  however,  there  are  three  which  are  so  intimately  allied  as 
to  be  naturally  considered  together,  being  composed  of  exactly  the 
same  elements,  although  diflPering  in  the  relative  development  of  those 
6 
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elements :  these  are  the  areolar,  elastic,  and  fibrous  tissues.  Adipose 
tissue  and  reticular  tissue  may  both  be  looked  upon  as  special  modi- 
fications of  areolar  tissue.  Areolar  tissue  being  the  commonest  and, 
in  a  sense,  the  most  typical,  its  structure  may  be  considered  first. 

Areolar  tissue.— The  areolar  tissue  presents  to  the  naked  eye  an 
appearance  of  fine  ti'ansparent  threads  and  laminaj  which  intercross  in 
every  dii'ection  with  one  another,  leaving  intercommunicating  meshes, 
or  areolffi,  between  them.  When  examined  with  the  microscope,  these 
threads  and  fibres  are  seen  to  be  principally  made  up  of  wavy  bundles  of 


mm 
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Fi(i.  97.— Areolar  tissttk  prepared  by  recklinohausen's  silver  method. 
Magnified  200  diameters.  Photograph. 

The  cells  are  seen  as  clear  sjiaces  in  tlie  O)rowii)  stained  !,Tound-substance,  through  which 

the  libres  coui-se. 

exquisitely  fine  transparent  fibres  {white  fibres,  fig.  96,  A).  The  bundles 
run  in  different  directions,  and  may  branch  and  intercommunicate  with 
one  another  (fig.  99) ;  but  the  individual  fibres,  although  they  pass  from 
one  bundle  to  another,  never  branch  or  Join  other  fibres.  The  fibres 
are  cemented  together  into  the  bundles  by  a  clear  substance  containing 
mucin,  and  the  same  clear  material  forms  also  the  basis  or  gromid- 
suhstance  of  the  tissue,  in  which  the  bundles  themselves  course,  and  in 
which  also  the  corpuscles  of  the  tissue  lie  embedded.  This  ground- 
substance  between  the  bundles  can  witli  difliculty  be  seen  in  the  fre,sh 
tissue  on  account  of  its  extreme  transparency  ;  but  it  can  be  brought  to 
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view  by  staining  with  nitrate  of  silver,  as  in  §  4.  The  wliole  of  the 
tissue  is  therebj^  stained  of  a  yellowish  brown  colour,  witli  the  excep- 
tion of  the  spaces  whicli  are  occupied  by  the  corpuscles  (cell-spaces, 
fig.  97).  As  Macalluni  has  shown,  this  reaction  is  due  to  the  presence 
of  chlorides  in  the  intercellular  substance,  whereas  the  cell-jirotoplasm 
contains  none. 

Besides  the  white  fibi-es  of  connective  tissue  here  described,  fibres 
of  a  different  kind  (fig.  96,  B)  may  be  made  out  in  the  preparations ; 
tliese  are  the  elastic Jibres.  They  are  especially  well  seen  after  treatment 
with  acetic  acid,  and  after  staining  with  magenta,  or,  in  sections, 
with  orcein ;  but  they  can  be  detected  also  in  the  fresh  preparation. 
They  are  characterised  by  their  distinct  outline,  tlieir  straight  course, 
the  fact  that  they  never  run  in  bundles,  but  singly,  and  that  they 
branch  or  join  neighbouring  fibres.    If  broken  by  the  needles  in 


FlU.   98.— A  WHITE  BUNDLE  SWOLLEN  BY  ACETIC  ACID.      FrOM  THE  SUB- 
ARACHNOID TISSUE  AT  THE  BASE  OF  THE  BRAIN.  (Toldt.) 


making  the  preparation,  the  elastic  recoil  causes  them  to  curl  up, 
especially  near  the  broken  ends.  Besides  these  histological  differ- 
ences, the  two  kinds  of  fibres  differ  also  in  their  chemical  characters. 
Thus  the  white  fibres  are  formed  of  a  material  {collagen)  which  is  dis- 
solved by  boiling  in  water  yielding  gelatin,  and  by  peptic  digestion, 
but  is  not  dissolved  by  tryptic  digestion  ;  whereas  the  substance  of 
which  the  elastic  fibres  are  composed  {elaslin)  resists  for  a  long  time 
the  action  of  boiling  water  and  peptic  digestion,  although  it  is  dis- 
solved by  tryptic  digestion.  Moreover,  the  white  fibres  swell  and 
become  indistinct  under  the  action  of  acetic  acid;  the  elastic  fibres 
are  unaltered  by  this  reagent.  Elastic  fibres  appear  to  have  a  sheath 
which  is  more  resistant  to  reagents  than  the  rest  of  the  fibre. 

The  bundles  of  white  fibres  which  have  been  swollen  out  by  acid 
sometimes  exhibit  constrictions  at  irregular  intervals  (fig.  98).  These 
are  in  many  instances  due  to  elastic  fibres  coiling  round  the  white 
bundles. 

The  cells  of  areolar  tissue.— Several  varieties  of  connective-tissue 
cells  are  distinguished,  viz.  :  (1)  Lamellar  cells,  whicli  are  flattened 
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and  often  branclied  (figs.  99,  100,  c,  c'),  and  may  be  united  one  to  the 
other  by  their  branches,  as  in  the  cornea  (fig.  101).  Sometimes  they 
are  unbranched  and  may  lie  along  the  fibril-bundles  and  even  themselve.s 
show  a  fibrillar  appearance  (fig.  99,  /).  Some  authors  have  inferred 
from  this  that  these  cells  are  transformed  into  white  fibril-bundles  and 
have  termed  them  "  fibroplasts  "  ;  but  the  fibrillation  which  they  exliibit 
is  not  of  the  same  character  as  that  of  the  white  fibres,  and  is  pro- 
bably a  form  of  cytomitome,  such  as  is  seen  in  many  protoplasmic 
cells.    In  certain  situations  the  lamellar  connective-tissue  cells  are 


Flfi.  99. — SuBCtrTANEOUS  TISSUE  FROM  A  YOrXO  RABBIT,  PRKl'ARED  AS 

DIRECTED  IN  §  1.    Highly  magnified. 

The  white  flbres  .are  in  wavy  bundles  ;  tlie  elastic  fibres  form  .in  open  network.   j>.  p. 
closmatoeytes  ;  g,  pla-sma-eell ;  c,  c\  lamellar  cells ;  /",  fibrillated  cell. 


greatly  flattened  out,  especially  when  they  lie  upon  the  surface  of 
aponeuroses  and  they  are  there  joined  edge  to  edge  like  the  cells  of  an 
endothelium  (fig.  103.  The  apparent  cell-spaces  in  silver  preparations 
have  of  course  in  all  cases  a  similar  arrangement  to  that  of  the  cells). 
(2)  Closmatoeytes,  which  are  composed  of  a  soft,  much-vacuolated,  often 
granular  protoplasm,  rarely  flattened,  but  otherwise  varying  greatly  in 
shape  and  .size (fig.  99,;j;fig.  100,  c?).  Mast-cells  {Mast-zellenoiYAwWch), 
usually  spheroidal  or  ovoidal  in  sliape,  and  formed,  like  the  plasma-cells,  of 
soft  protoplasm,  but  thickly  occupied  with  granules,  which  are  deeply 
stained  by  gentian  violet  and  by  other  basic  aniline  dyes.    They  are 
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Tiot  everywhere  common,  but  are  numerous  in  parts  where  fat  is  being 
laid  down  (fig.  106).  (4)  Plasma-cells.  These  are  characterised  by 
their  granular  protoplasm,  which  is  less  basiphil  than  that  of  the  mast- 
cells  ;  their  small  spheroidal  nucleus ;  and  their  shape,  which  is  usually 
rounded  or  only  slightly  branched. 

Migratory  leucocytes  may  also  (fig.  lUU,  e)  be  seen  here  and  there  in 
the  areolar  tissue  {wander-cells). 


d 

o 

Fu:.  100. — Fibres  .vnd  cells  of  areolar  tissue  of  a  cuinea-pig  froim  a 
FILM  PREPARATION.  (Maxiniow.)  The  preparation  was  Stained,  without 
fixation,  by  neutral  red. 

o,  Iniiidles  of  white  lihres ;  h,  elastic  til)i-es  ;  c,  lamellar  cells  ;  d,  clasinatocjles ;  c,  plasina- 
cells  ;     oxyphil  leucoc.vtcs. 

In  the  middle  coat  of  the  eye  in  mammals,  and  in  some  parts  of  the 
skin,  some  of  the  connective-tissue  cells  are  occupied  by  granules  of 
pigment  (pigment-cells). 

These  are  much  more  e.xteusively  jjre.scnt  in  lower  vcrtebiute.s,  e.sipeeially 
in  amphibia  and  fi.slie.s,  where  they  e.xliibit  anuuboid  cliange.s  wliich  result  iu 
the  pigment  being  at  one  time  diH'used  ovei'  a  considerable  area  and  at 
another  time  restricted  to  the  uumediate  ueighbourhood  of  the  nucleus. 
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Tlic  cliaiiffes  tliiLs  piodiicerl  caimo  alLeratioii  in  tlie  general  eolonr  and  shade 
of  tlio  integuniont,  wlieie  mieli  ])iginunt  cells  are  very  niinierouK,  and  serve 
the  pui'pose  of  protective  adaptation  of  the  animals  to  their  eiivirouineut. 


Fig.  101.— Cells  of  kabbit's  cornea  stained  with  gold  chloride. 
Magnified  300  diameters. 
The  nuclei  are  unstained.    Tlie  cells  are  connected  by  their  branches. 


Fk;.  102.— Cornea  or  rabiut,  .stained  with  silver  nitrate.  .Magnified 
300  diameters.    Photographed  from  a  preparation  hy  H.  Pi-ingle. 

The  cells  are  unsUiined,  and  apiicar  as  white  spaces  on  a  brown  trround.  Comiwre 
witli  lij,'.  101,  in  which  tlic  corneal  cells  are  slaincHl. 

The  conncctive-ti.ssuc  cells  occupy  spaces  of  corresponding  shape  in 
the  ground-substance  (fig.  102),  between  the  bundles  of  white  fibres. 
In  some  parts  of  the  connective  tissue  the  white  bundles  are  developed 
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Fi(4.  104. — Fat  IiN  mesentery  of  rabbit.  (F mm  Prenant ,  Bouiii,  mid  Maillard.) 

V,  network  of  capillary  vessels ;  g,  fat-ylobiile  ;  n,  inicleus  ot  fal-ccll ;  p,  prolopliiHmiu 
envelope  to  fat-globule. 
Numerous  mast-cells  are  seen  :  in  some  of  these  there  appears  to  he  oecurrius;  a  deposition 

of  fat. 
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to  such  an  extent  as  to  pervade  almost  the  whole  of  the  ground- 
substance,  and  then  the  connective-tissue  corpuscles  become  squeezed 


FlU.    105. — A  FEW  CELLS  FMIIM  THE  MAKCIN   OF  A  FAT  LOBfLK. 

Highly  magnified. 

f.g.,  fat-globule  disteiicliiij,'  a  fat-cell ;  »,  nucleus  ;  m,  nieiubranous  envelope  of  the  fat-cell ; 
c.r.,  bunch  of  crystals  within  a  fat-cell ;  c,  capillary  vessel ;  ii,  venule  ;  c.t.,  connective- 
tissue  cell ;  g,  gratuilar  cell.    The  connecti\  e-tissue  fibres  are  not  represented. 


Fig.  106.— Deposition  of  fat  in  connective-tissue  cells. 

/,  a  cell  with  a  few  isolated  fat-droplets  in  its  protoplasm  ;  /,  a  cell  with  a  sinjrlc  large 
and  several  minute  drops ;  /',  fusion  of  two  large  drops :  gi-anular  mast-cell ; 
c.(.,  lamellar  connective-tissue  corpuscle  ;  o,  c,  network  of  capillaries. 

into  the  interstices,  flattened  lamellar  expansions  of  the  cells  extending 
between  the  bundles,  as  in  tendon  (see  next  Lesson). 

The  cells  and  cell-spaces  of  areolar  tissue  come  into  intimate  relation 
with  the  colls  lining  the  Ij'mphatic  vessels  and  small  blood-vessels. 
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This  connection  can  best  be  seen  in  silvered  preparations ;  it  will  be 
again  referred  to  in  speaking  of  the  origin  of  the  lymphatics. 

Adipose  tissue  consists  of  vesicles  filled 
with  fat  (figs.  104,  105,  107)  and  collected 
into  lobules,  oi'  into  tracts  which  accom- 
pany the  small  blood-vessels.  The  vesicles 
are  round  or  oval  in  shape,  except  where 
closely  packed,  when  they  become  j^oly- 
hedral  from  mutual  compression.  The 
fat-drop  is  contained  within  a  delicate 
protoplasmic  envelope  (fig.  105,  m)  which 
is  thickened  at  one  part,  and  here 
includes  an  oval  flattened  nucleus.  The 
fat  is  stained  black  by  osmic  acid  ;  a  deejD 
yellow  colour  by  Sudan  III. ;  and  an 
intense  red  bj'  Scharlach  R.  The  vesi- 
cles are  supported  partly  by  filaments  of 
areolar  tissue,  but  chiefly  by  a  fine  net- 
work of  capillary  blood-vessels. 

The  fat  when  first  formed  in  the 
embryo  is  in  some  situations  deposited 
within  large  granular  cells  (fig.  108)  of 
a  spheroidal  or  polyhedral  shape ;  some 
authorities   regard    these   cells   as  of  a 

are  in  certain  situations  collected  into  large  gland-like  masses 
(fig.  108)  abundantly  supplied  with  blood-vessels,  and  gradually 
become  transformed  into  fat-cells  by  the  deposition  of  fat  in  the 


FlCi.      107.  — FaTCELLS  FROiM 

vouNd  ANIMAL.  (Raiivler.) 
Osmic  acid  rKni'AKATioN. 

The  drops  of  fal  are  slaiiied  of  an 
intense  lilacli.  «,  inieleus  ;  (],  small 
globules  of  fat. 


specific   nature,  for  they 


Fk;.  108.  — Two  stacks  of  formation  of  auu'osk  tissuh.    (H.  Batty  Shaw.) 
Ill  A  the  tissue  is  formed  of  a  gland-like  mass  of  eells,  in  sonic  of  whicli  the  evtoplasni  is 
the'eells  fe'lo'^iles  (looking  white  in  the  sections).    In  B  the  fat  tills  many  of 
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cell-protoplasm.  Fat  is,  however,  also  laid  down  in  other  situations 
in  the  ordinary  more  loosely  arranged  flattened  or  branched  cells 
of  connective  tissue.    The  fat  appears  to  be  produced  by  a  trans- 


Fici.  109.— Retiform  tissue  from  a  lympu-gl.vkd.    Moderately  magnified. 

()•  a  trabeculum  of  connective  tissue  ;  r,  r',  retiform  tissue,  with  more  open  meshes  at  r 
'  and  denser  at  r". 

formation  into  droplets  of  fat  of  albuminous  granules  which  the 
cells  produce.  As  the  droplets  increase  in  size  they  run  together  into 
a  larger  drop,  which  gradually  fills  the  cell  more  and  more,  sweUing  it 


Fig.  110.— Portion  of  the  above,  more  iiuniLV  maonified. 

showinB  the  continuity  of  the  retiform  tissue,  r,  r,  uitli  tlie  connective  tissue  of  a 

trabecuhun,  tr. 


out  so  that  the  cell-protoplasm  eventually  appears  merely  as  the 
envelope  of  the  fat  vesicle. 

Fat  is  found  most  abundantly  in  subcutaneous  areolar  tissue,  and 
under  the  serous  membranes;  especially  in  some  parts,  as  at  the 
back  of  the  peritoneum  around  the  kidneys,  under  the  epicardmm, 
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and  in  the  mesentery  and  omentum.  The  yellow  marrow  of  the 
bones  is  also  principally  composed  of  fat.  There  is  no  adipose  tissue 
within  the  cavity  of  the  cranium. 

RETICULAR  AND  LYMPHOID  TISSUE. 

Eetiform  or  reticular  tissue  (figs.  109,  110,  111)  is  a  variety  of  con- 
nective tissue  in  which  the  intercellular  or  ground-substance  has  largely 
disappeared  or  is  replaced  by  fluid.  There  are  very  few  or  no  elastic 
fibres  in  it,  but  a  dense  network  of  white  fibres,  the  meshes  of  which 
vary  in  size,  being  very  small  and  close  in  some  parts ;  more  open 
and  like  areolar  tissue  in  other  parts.    In  some  places  where  the 


Fiu.  111. — Reticulum  of  bone-makkow.  (Enderlen.) 

tissue  occurs  the  fibres  are  enwrapped  by  flattened  branched  con- 
nective-tissue cells,  and  until  these  are  removed  it  is  not  easy  to  see 
the  fibres.  Chemical  differences  between  the  fibres  of  retiform 
tissue  and  those  of  ordinary  areolar  tissue  have  been  described,  but 
microscopically  the  fibres  of  the  two  tissues  are  indistinguishable  and 
are  found  in  continuity  with  one  another  (see  figs.  110,  112).  This 
tissue  forms  a  fine  framework  in  many  organs,  supporting  the  proper 
elements  and  extending  into  all  the  interstices  between  the  coarser 
connective-tissue  bundles.  It  can  be  well  shown  by  dissolving  the 
cells  of  the  tissue  by  tryptic  digestion  and  subsequently  staining  the 
fibres  forming  the  reticulum  (p.  80,  §  .5).  In  this  way  it  may  be  demon- 
strated in  lymph-glands,  in  the  spleen,  liver,  bone-marrow  (fig.  Ill), 
mucous  membranes,  and  many  other  parts. 
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Lymphoid  nr  adenoid  tissue  is  leticulaf  tissue  in  wliicli  the  meshes 
of  the  network  are  largely  occupied  by  lymph-corpuscles  (fig.  112). 
This  is  by  far  the  most  common  condition  of  a  retiform  tissue,  and 
is  mot  with  in  the  lymph-glands  and  allied  structures,  in  parts  of 
the  alimentary  mucous  membrane,  and  in  \'arious  other  situations. 

Basement-membranes  (membrance  j)ropria3)  are  homogenous-looking 
membranes,  which  are  found  forming  the  surface  layers  of  connective 
tissue  expansions  in  many  parts,  especially  where  there  is  a  covering 


Fu:.  112. — Lymphoid  tissue  of  .v  LYiMru-uLAND. 


of  epithelium,  as  on  mucous  membranes,  in  secreting  glands,  and  else^ 
where.  They  are  generally  formed  of  flattened  connective-tissue  cells 
joined  together  to  form  a  membrane;  but  in  some  cases  they  are 
evidently  formed  not  of  cells,  but  of  condensed  ground-substance,  and 
in  yet  other  cases  they  aa-e  composed  of  elastic  substtince ;  the  name 
basement-membrane  has  therefore  been  used  to  denote  structures  of  an 
entirely  different  nature. 

Jelly-like  connective  tissue,  although  occurring  largely  in  the 
embryo,  is  found  only  in  one  situation  in  the  adult— viz.  forming 
the  vitreous  humour  of  the  eye.    It  is  composed  mainly  of  soft,  fluid, 
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or  semi-fluid  ground-substance,  witli  cells  scattered  here  and  there 
through  it,  and  with  a  few  fibres  which  interlace  throughout  the 
tissue  and  confine  the  fluid  of  the  ground-substance  within  their 
meshes;  thus  conferring  upon  the  tissue  its  jelly-like  character. 
All  embryonic  connective  tissue  is  at  one  period  of  this  jelly-like 
nature  (see  p.  101). 
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LESSON  X. 

THE  CONNECTIVE  TISSUES  (continued). 

ELASTIC  TISSUE.      FIBROUS  TISSUE.      DEVELOPMENT  OF  CONNECTIVE 

TISSUE. 

1.  Tease  out  as  finely  as  possible  a  small  slired  of  elastic  tissue  (ligamentura 
nuchc'e  of  the  ox  or  ligamentura  subflavum  of  man)  in  gl_ycerine  and  water, 
slightly  coloured  by  magenta.  Cover  and  cement  the  preparation.  Note 
the  large  well-defined  fibres  constantly  branching  and  uniting  with  one 
another.  Sketch  a  small  part  of  the  network.  Note  the  existence  of 
bundles  of  white  fibres  amongst  the  elastic  fibres. 

2.  Examine  a  thin  transverse  section  of  ligamentum  nuchre  which  has 
been  hardened  in  2  per  cent,  solution  of  bichromate  of  potash.  The  section 
is  to  be  stained  with  hremalum  and  mounted  in  Canada  balsam  or  dammar 
by  the  usual  process,  or  simply  in  glycerine  and  water.  Observe  the 
grouping  of  the  fibres  and  their  angular  shape.  Sometimes  the  angles 
are  rounded. 

3.  Pinch  off  the  end  of  the  tail  of  a  dead  mouse  or  rat,  di-aw  out  the  long 
silk-like  tendons  and  put  them  into  salt  solution.  Take  one  of  the  threads, 
which  should  be  nearly  three  inches  long,  and  stretch  it  along  a  slide,  letting 
the  ends  dry  firmly  to  the  glass  but  keeping  the  middle  part  wet.  Put  a 
short  piece  of  hair  on  either  side  and  cover  in  salt  solution.  Observe  with  a 
high  power  the  fine  wavy  fibrillation  of  the  tendon.  Draw.  Now  run  dilute 
acetic  acid  (0-75  per  cent.)  under  the  cover-glass  ;  watch  the  tendon  where  it 
is  becoming  swollen  by  the  acetic  acid.  Notice  the  oblong  nucleated  cells 
comino'  into  view  between  the  tendon-bundles.  Sketch  three  or  four  cells  in 
a  row.''  Lastly,  lift  the  cover-glass,  wash  away  the  acid  with  distilled  water, 
place  a  drop  of  Ehrlich's  hasmatoxylin  or  carmalum  solution  on  the  tendon, 
and  leave  the  preparation  until  it  is  deeply  stained  ;  then  wash  away  the 
stain  and  mount  the  preparation  in  faintly  acidulated  glycerine. 

4.  Take  another  long  piece  of  mouse-tendon,  and  after  washing  it  in 
distilled  water,  stretch  it  upon  a  slide  as  before,  fixing  the  ends  by  allowing 
them  to  dry  on  to  the  slide.  Put  a  drop  of  nitrate  of  silver  solution  (1  per 
cent.)  on  tlie  middle  of  the  tendon,  and  leave  it  on  for  five  minutes.  Then 
wash  oft'  the  silver  nitrate  with  distilled  water,  and  expose  the  slide  to  direct 
sunlight  In  a  very  few  minutes  the  silvered  part  of  the  tendon  will  be 
brown.  As  soon  as  this  is  the  case,  dehydrate  the  tendon  with  absolute 
alcohol  in  situ  upon  the  slide,  run  ofi"  the  alcohol,  and  at  once  put  a  drop  of 
clove  oil  on  the  preparation.  In  a  minute  or  two  the  clove  oil  can  be 
replaced  by  xylol  balsam  or  dammar  and  the  preparation  covered. 

5  Stain,  with  magenta  solution,  a  thin  section  of  a  tendon  which  has  been 
hardened  in  70  per  cent,  alcohol.  Mount  in  dilute  glycerine  and  cement 
at  once. 

6  For  developing  connective  tissue  study  sections  of  the  umbilical  eoi-d 
at  diflerent  periods.  Fix  with  forniol.  Stain  with  acid  fuchsme  and 
ha3iiiato.xylin. 
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Elastic  tissue  is  ca  variety  of  connective  tissue  in  which  the  elastic 
fibres  preponderate.  It  is  found  most  characteristically  in  the  liga- 
mentum  nuchse  of  quadrupeds  and  the  ligamenta  subflava  of  the 


Fio.  113. — Elastic  Fim;F..s  from  the  ligamentum  Nncn.3s  of  the  ox, 

SHOWING  TRANSVERSE  MARKINGS  ON  THE  FIBRES. 

vertebrae,  but  the  connective  tissue  of  other  parts  may  also  have  a 
considerable  development  of  elastic  fibres.  It  occurs  in  an  almost 
pure  form  in  the  walls  of  the  air-tubes,  and  uniting  the  cartilages 
of  the  larynx.  It  also  enters  largely  into  the  formation  of  the  lungs 
and  of  the  walls  of  the  blood-vessels,  especially  the  arteries. 


Fig.  114. — Cross-skction  of  elastic  fidres  from  the  ligamentum  nuch.12 

OF  THE  0.\. 
The  angles  of  tlie  fibres  are  rounded  in  this  section. 

In  the  ligamentum  nuchas  most  of  the  fibres  are  very  large  (figs. 
113,  114).  They  often  exhibit  cro.ss  markings  or  even  transverse  clefts. 
When  dragged  asunder,  they  break  .sharply  acros.s.  Tliey  constantly 
branch  and  unite,  so  as  to  form  a  close  network.    In  transverse  section 


gC  THE  ESSENTIALS  OF  HISTOLOGY. 

they  arc  usually  angular,  but  sometimes  the  angles  are  rounded  off 
(fig.  114).  They  are  separated  into  small  groups  or  bundles  (fig.  114) 
by  intervening  areolar  tissue. 


Fid.  115.— Section  of  tendon,  human.    (Sobotta.)    x  32. 
I,  teiidoii-bundles  ;  s,  septa  of  areolar  tissue  ;  r,  vessels. 

Elastic  tissue  does  not  always  take  the  form  of  fibres,  but  may 
occur  as  membranes  (e.g.  in  the  blood-vessels)  (p.  210).  Sometnnes  the 
fibres  are  very  small,  but  their  microscopic  and  chemical  characters  are 
always  well  marked  (see  p.  83).  ,    i  n 

Fibrous  tissue  is  almost  wholly  made  up  of  bundles  of  white  fibres 
running  in  a  determinate  direction.    These  again  are  collected  into 
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larger  bundles,  wliicli  give  the  fibrous  appearance  to  the  tissue.  The 
bundles  are  constantly  uniting  with  one  another  in  their  course, 
although  their  component  fibres  remain  perfectly  distinct. 

The  interspaces  between  the  larger  bundles  are  occupied  by  areolar 
tissue  (fig.  115,  fig.  116,  c,  d,  e)  in  which  the  blood-vessels  and 
lymphatics  of  the  fibrous  tissue  are  conveyed.  The  interstices  between 
the  smallest  bundles  are  occupied  by  rows  of  lamellar  connective-tissue 
corpuscles  {tendon  cells),  which,  from  being  squeezed  up  between  three 
or  more  bundles,  become  flattened  out  in  two  or  three  directions.  In 


e 

Fli;.   IKi.— P.VKT  (IK  A  J,AK(:E  tendon  I>   TKANSVERSK  SHUTIOK. 

More  highly  magnified. 

"'lH?i'"u.iIr.''''      "T,  ^?'''!."',«  "'"'^^  '<"•  'he  most  paH,  i-nmnnj;  trnnsvei-selv  ; 

mc  l  a  oh  nv°Pv  '»"P''"'''"a   UrnrU,,.  b  ;  I,  \y,niM\v  .left  i„  ll,e  sheath 

fir^n.         ■  u     \      '  ''Ipofl-vessel  IS  seen  ,-nt  .leross,  anri  on  the  other  side  of  the 
ngure  a  snmll  artei-.v  is  shown  cut  lontritiulinaMy;  c,  laixe  sentun,  of  areolai^.  ssue 
fe.XM.ellsii;''se''tion.'^"''  '''''  "■-•fularlv 'stellate  l»dt' aVf  the 

transverse  section  the  cells  appear  somewhat  stellate  (fig.  11(J),  but 
when  seen  on  the  Hat  they  appear  lamellar  (fig.  117),  aiid  from'  this 
aspect  their  general  shape  is  square  or  oblong.  They  lie,  as  before 
said,  in  rows  between  the  tendon  bundles,  and  the  nuclei  of  adjacent 
cells  are  placed  opposite  one  another  in  pairs  (fig.  1 18).  The  cell-spaces 
correspond  in  general  figure  and  arrajigcment  to  the  cells  which  occupy 
them.  ' 

Fibrous  tissue  forms  the  tendons  and  ligaments,  and  also  certain 
membranes,  such  as  the  dura  mater,  the  fibrous  pericardium,  the 
7 
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fasciiii  of  the  limbs,  the  fibrous  covering  of  certain  organs,  etc.  It  is 
found  wherever  great  strength,  combined  with  flexibility,  is  concerned. 
It  receives  a  few  blood-vessels,  disposed  longitudinally  for  the  most 


Fig.  117. — Tendons  of  mousk's  tail;  SHOwns-r.  cii.vixs  of  ceu-s  between 
THE  TENDON-BUNDLES.    175  diameters. 
A,  stained  with  hajmatox.vlin.    B,  stained  with  silver  nitrate,  showing  the  cell-spaces. 

part,  and  contains  many  lymphatics.  Both  blood-vessels  and  lymphatics 
run  in  the  areolar  tissue  which  separates  and,  surrounds  the  tendon- 
bundles.  Tendons  and  ligaments  also  receive  nerve-fibres,  which,  in 
some  cases,  end  in  localised,  ramifications  within  fusiform  enlargements 
of  the  tendon-bundles  (organs  of  Golgi),  while  others  terminate  in 
end  bulbs  or  in  simple  Pacinian  corpuscles.  These  will  be  described 
along  with  the  modes  of  ending  of  nerve-fibres. 

^  ..  ■  -Vji  ...  .     .  .  ■■ 

Vu..  1 18. — ElOHT  CELLS  FKOM  THE  S.VME  TENDON  AS  RErRESKNTEP  IN  FIG.  1 17,  A. 

425  diameters. 

The  dark  lines  on  the  surface  of  the  cells  are  the  optical  sections  of  lamellar  extensions 
(lirectetl  towards  or  away  from  the  observer. 

Development  of  connective  tissue. -  Connective  tissue  is  developed 
in  and  from  the  cells  of  the  mesoderm  (mesenchyme)  of  the  embryo. 
In  those  parts  which  are  to  form  connective  tissue,  there  may 
frequently  be  seen  a  clear  space  separating  the  cell-layers  which  are 
already  formed,  this  clear  space  being  permeated  with  fibres  which 
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appear  to  be  produced  from  tlie  cells  bounding  the  space.  Presently 
branching  mesenchyme  cells,  which  are  budded  off  from  the  bounding 
cells,  are  found  forming  a  syncytium  witliin  the  clear  space  (fig.  119,  m). 


Fi<;.  119. 


-Dkvkloi'inc:  connectivk  rrssuK  ix  iik.vrt  of  ciuck-kmhkvo  ok 
48  iiouKS.  (Szily.) 
my,  cells  fonniiij^  inyoearrlimn  ; ./,  jelly  fonnetl  of  retieuluni  with  eric-loscd  fluid  ■  c  ciido 
thehun.  (.uesothel.mn)  of  heiu-l ;      ,„ese..(;l..v.ne  uells  in  jelly  ;  bl,  blood  Jorpusilef 


f7«m    .   Jvv  ""^'•■-''"''INO  CONNKCTIVE  TISSUK  (niliSENClIVME)  UMTKI.  TO 

FORM  A  SYMCVTIUM.    (Froiii  Prciant,  Bouin,  and  Maillard. ) 
No  fibres  are  as  yet  developed  in  tlie  intercellular  substance. 

In  the  meshes  of  the  reticular  syncytium  is  a  muco-albuminous  semi- 
fluid intercellular  substance  (ground-substance).  The  connective-tissue 
fibres,  both  white  and  elastic,  are  deposited  in  this  ground  substance 
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the  elastic  suhstaiice  appearing  in  the  form  uf  granules  (fig.  122,  </), 
which  subsequently  become  ccmnected  together  into  elastic  fibres  or 
laminaj,  as  the  case  may  be,  the  white  fibres  appearing  at  first  in 


ViG.  12L — Jellv  ok  wiiakton  kkom  umbilical  coku  of  new-ijokn  child. 

(Sobotta.)     X  280. 
/,  connective-tissue  fibres  ;  c,  culls. 


Fifi.  122. — Ukvelopment  OK  ulastic  tissuk  by  dui'ositiox  of  fink  orantles. 

(Ranvier. ) 

•/,  lihi-cs  hu'mg  formed  of  rows  of  '  elastiii '  (framiles ;  2><  •''*t  plate-like  ex|iaiisioii  of 
elastic  substance  fornictl  b.v  the  fusion  of  '  elastin '  granules. 

the  form  of  very  fine  bundles,  which  afterwards  become  gradually 
larger;  so  that  in  fibrous  tissue  the  whole  ground-substance  is 
eventually  pervaded  by  the  bundles,  and  the  cells  of  the  tissue 
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become  squeezed  up  into  the  intervals  between  them.  Before  any 
considerable  development  of  fibres  has  taken  place,  the  embrj^onic 
connective  tissue  has  a  jelly-like  appearance;  in  this  form  it  occurs 
in  the  umbilical  cord,  where  it  is  known  as  the  jelly  of  Wharton 
(fig.  121). 

There  has  been  always  a  considerable  difference  of  opinion  as  to  the 
origin  of  the  fibres  of  connective  tissue,  some  histologists  holding  that 
they  are  formed  within  the  protoplasm  of  the  cells,  which  graduallj"-  lose 
their  cell-characters  as  the  fibres  become  developed  within  them ; 
others  taking  the  view  that  the  fibres,  both  white  and  elastic,  are 
extracellular  formations.  While  there  is  no  doubt  that  they  are 
produced  under  the  influence  of  the  cells,  for  they  first  appear  in 
close  proximity  to  those  structures,  it  seems  on  the  whole  probable 
that  the  fibres  are  deposited  in  the  ground  substance  and  not  actually 
in  the  cell-protoplasm,  so  that  they  are  rather  to  be  looked  upon,  like 
the  ground-substance  itself,  as  formed  by  a  process  of  secretion  than 
by  one  of  direct  cell-transformation. 

Mall  looks  upon  the  intercellular  or  ground-substance  as  living  substance 
{exoplasm),  and  as  bringing  all  the  cells  of  the  tissue  into  contintiity.  He 
regards  the  whole  stinicture,  cells  and  ground-substance  together,  as  con- 
stituting a  contimumi,  the  libi  es  being  laid  down  bv  chemical  ti  ansforniation 
in  the  exoplasm. 
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LESSON  XI. 

THE  CONNECTIVE  TISSUES  {continued). 

AKTICULAR  CAETILAGE.     SYNOVIAL  MEMBRANES. 

L  Cut  two  or  three  very  thin  tangential  slices  of  the  fresh  cartilage  of  a 
joint,  mount  them  in  salt  solution,  and  examine  with  the  high  power. 
Observe  the  form  and  grouping  of  the  cells.  Look  at  the  thin  edge  of  the 
section  for  simces  from  which  the  cells  ha^■e  dropped  out.  Meiusure  two  or 
three  cells  and  their  nuclei,  and  sketch  one  or  two  groups.  Now  replace 
the  salt  solution  by  water  and  set  the  preparation  aside  for  a  little  while. 
On  again  examining  it,  many  of  the  cartilage  cells  will  be  found  to  have 
.shrunk  within  their  containing  capsules. 

2.  Make  other  .sections  of  the  cartilage  (1)  from  near  the  middle,  (2)  from 
near  the  edge  at  the  attachment  of  the  .synovial  membrane.  Place  the  sec- 
tion.s  for  two  or  three  minutes  in  acetic  acid  (1  per  cent.),  wash  them  with 
water,  and  stain  with  dilute  hiBuialum  or  carmalum  solution.  When  stained 
mount  in  dilute  glycerine  and  cement  the  cover-glass.  In  (2)  look  for 
branched  cartilage  cells. 

3.  Study  vertical  sections  of  articular  cartilage  from  an  end  of  bone 
which  has  been  fixed  and  decalcified,  and  mount  the  sections  in  glycerine 
and  water,  or,  after  staining  with  haimaluin,  in  dammar  or  xylol  balsam. 
Sketch  the  arrangement  of  the  cells  in  the  difl'erent  layers. 

4.  Brush  a  fresh  joint  with  distilled  water  ;  di'op  1  per  cent,  nitrate  of 
silver  solution  over  it ;  after  five  minutes  wash  away  the  nitrate  of  silver 
and  expose  in  water  to  direct  sunlight.  When  browned,  place  in  90  per 
cent,  alcohol  for  half  an  hour  or  more,  and  then  with  a  razor  wetted  with 
the  same  spirit  cut  thin  sections  from  the  surface  and  mount  in  xylol  bal.siim 
or  dammar  after  passing  through  clove  oil.  The  cells  and  cell-spaces  .show 
white  in  the  brown  ground-substance. 

5.  To  study  the  structure  of  the  synovial  membrane  mount  other  slices 
from  the  same  silvered  preparation  of  the  joint  (§  4)  taken  just  l)eyond  the 
limits  of  the  articular  cartilage,  and  also  look  for  small  fringed  projections  of 
the  membrane.    SnijD  them  off  with  scissors  and  mount  as  before. 

6.  The  superficial  flexor  tendons  of  the  foot  of  the  ox  or  sheep  run  in 
grooves  formed  by  the  deep  flexors,  and  these  grooves  are  lined,  and  the 
tendons  which  pass  through  them  are  covered  by  vaginal  synovial  mem- 
branes. To  show  the  structure  of  these  treat  one  of  the  superficial  flexor 
tendons  with  silver  nitrate  in  the  manner  recommended  for  the  joint,  S  4, 
and  after  hardening  in  70  per  cent,  alcohol  cut  sections  from  the  surface  and 
mount  them  in  bal.sam  or  dammar  varnish. 


Cartilage  or  griittle  is  a  translucent  bluish-white  tissue,  firm,  and  at 
the  same  time  elastic,  and  for  the  most  part  found  in  connection  with 
bones  of  the  skeleton,  most  of  wliich  are  in  the  embryo  at  first  repre- 
sented entirely  by  cartilage.    Three  cliief  varieties  of  cartilage  are 
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distinguished.  In  one,  which  is  termed  hyaline,  the  matrix  or  ground- 
substance  is  almost  clear,  and  free  from  obvious  fibres ;  in  the  other 
two,  which  are  termed  fibro-carlilage,  the  matrix  is  everywhere  pervaded 
by  connective-tissue  fibres.  When  these  are  of  the  white  variety,  the 
tissue  is  white  Jibro  cartilcuie ;  when  they  are  elastic  fibres,  it  is  yplloiD  or 
elastic  fibro-cartUage. 

Hyaline  cartilage  occurs  principall)'  in  two  .situations — namely  (1) 
covering  the  ends  of  the  bones  in  the  joints,  where  it  is  known  as 


Fiii.  12.S. — Articular  oartilaoe  from  head  of  metatabsai^  bone  of  amit- 

TATED    FOOT,     lIUiMAN     (OSMIC    ACID     PREPARATION).      TlIK  CELI.-noniES 
ENTIRELY  FILL  THE  SPACES  IN  THE  MATRIX.      .340  diameters. 

n,  group  of  two  cells  ;  b,  p-oup  of  four  cells ;  h,  protoplasm  of  cell,  with  7,  fattv 
granules ;  71,  nucleus. 

arlicular  cartilcuje ;  and  (2)  forming  the  rib-cartilages,  where  it  is  known 
as  costal  cartilage.  It  also  forms  the  cartilages  of  the  nose,  of  the 
external  auditory  meatus  (but  not  the  pinna),  most  of  those  of  the 
larynx,  and  the  cartilages  of  the  windpipe ;  in  these  places  it  serves 
to  maintain  the  shape  and  patency  of  the  orifices  and  tubes. 

Articular  cartilage. — The  cells  of  articular  cartilage  are  generally 
scattered  in  groups  of  two  or  four  throughout  the  matrix  (fig.  123). 
The  latter  is  free  from  obvious  fibres,  except  at  the  extreme  edge 
of  the  cartilage,  where  the  connective-tissue  fibres  from  the  synovial 
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membrane  extend  into  it ;  and  here  also  the  cartilage-cells  are  often 
branched,  and  oft'er  transitions  to  the  branched  connective-tissue 
corpuscles  of  that  membrane  (transitional  cartiku/c,  fig  124).  By  long 
maceration  in  brine,  however,  evidence  of  a  fibrous  structure  may  be 
obtained,  even  in  the  matrix  of  true  hyaline  cartilage.  Home  his- 
tologists  also  describe  fine  communications  in  the  matrix  uniting  the 
cartilage-cells  with  one  anotlier,  but  these  are  of  doubtful  occurrence  in 
vertebrate  cartilage,  although  they  unquestionably  exist  in  the  cartilage 
of  cephalopods. 

The  matrix  immediately  around  the  cartilage-cells  is  often  marked  off 
from  the  rest  by  a  concenti'ic  line  or  lines,  this  part  of  the  matrix, 
which  is  the  latest  formed,  being  known  as  the  rapsuln  of  the  cell 


a  d  6 


FiC.   124. — BORDEH  OF  ARTICULAR  CARTII.AOE  SlIOWIXC  TRA.NSrriON  OF  0.\RTII,- 
At;J5  CliT.LS  INTO  CONNECTIVE-TISSUE  CORPUSCI.ES  OF  SVNOVIAL  MKMBRANE. 

From  head  of  met.vtarsal  bone,  human.    About  .S40  diametei-s. 
n,  oi'rtinary  cartilage-cells  ;  b,  b,  witli  l)raiicliin!j  processes. 


(fig.  128).  The  cells  are  bluntly  angular  in  form,  the  sides  opposite  to 
one  another  in  the  groups  being  generally  flattened.  The  protoplasm 
is  very  clear,  but  it  may  contain  droplets  of  fat ;  and  with  a  high 
power  fine  interlacing  filaments  and  granules  have  been  observed  in  it. 
During  life  the  protoplasm  entirely  fills  the  cavity  or  cell  space  which 
it  occupies  in  tlie  matrix  ;  but  after  death,  and  in  consequence  of 
the  action  of  water  and  other  agents,  it  tends  to  shrink  away  from  the 
capsule.    The  nucleus  is  generally  spherical. 

In  vertical  section  (fig.  1 25)  the  deeper  cell  groups  (c)  are  seen  to  be 
arranged  vertically  to  the  surface,  the  more  superficial  ones  (</)  parallel 
to  the  surface ;  wliilst  in  an  intermediate  zone  the  groups  are  irregu- 
larly disposed  {/>).  in  the  deepest  part  of  the  cartilage,  next  to  the 
bone,  there  is  often  a  deposit  of  calcareous  salts  in  tlie  matrix  {cahified 
cartilage,  d). 
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The  disposition  of  the  cells  of  cartilage  in  groups  of  two,  four,  eight, 
etc.,  is  apparently  due  to  the  fact  that  these  groups  have  originated 
from  the  division  of  a  single  cell  first  into  two,  and  these  again  into 


FlC.    1'25. — VeKTK'AT,  SKCTION  of  ARTinrLAR  f  ARTILA(iH  ('(IVHRIN(!  THK  I.IIWHR 

END  OF  THK  TIBIA,  HTTiMAN.    Magnified  about  30  diameters. 

a,  cells  aiifl  cell-groups  Hatteiieil  cotiformalily  with  the  surface ;  b,  cell-groups  irregu- 
larly arrangetl ;  e,  cell-f,'roui)s  disposed  perpendicularh-  to  the  surface ;  rf,  layer  of 
calcified  cartilage  ;  1',  houe. 

ABC  D  E 


Fri:.  126.— Pi.AN  of  tiik  mi'ltiplication  of  ckli-s  of  cartilagf,.  (.Sliarpoy.) 

A,  cell  in  il.s  capsule  ;  I),  divided  into  two,  each  with  a  capsule  ;  C,  priuiai'v  capsule 
disappeared,  secondary  capsules  coherent  with  matrix  ;  1),  tertiai-y  di\  isioii  ;  IC, 
secondary  capsules  disavipoared,  tertiary  coherent  with  matrix. 

two,  and  so  on  (fig.  126).  The  division  of  the  cartilage-cell,  like  that 
of  most  other  cells,  is  mitotic. 

It  would  seem  that  the  matrix  is  formed  of  successive  portions, 
which  are  deposited  around  each  cartilage-cell  as  the  so-called 
'capsules,' each  newly  formed  portion  .soon  blending  in  its  turn  with 
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the  previously  formed  matrix,  whilst  a  new  capsule  is  formed  within  it. 
The  most  newly  formed  portions  of  matrix  stain  with  hsematoxylin 
more  deeply  than  the  rest,  and  in  some  cartilages  this  gives  the 
appearance  of  rounded  balls  of  darkly  stained  matter  surrounding  eacli 

cell  or  cell-group  {rhondrin-haUs,  Miirner) 
(fig.  128). 

Emhryonic  cartilage  is  usually  character- 
ised b}'  the  cells  being  sharply  angular  and 
irregular ;  they  are  even  in  some  cases 
markedly  branched,  like  those  which  occur 
at  the  junction  of  cartilage  and  synovial 
membrane  in  the  adult.  The  cells  are  also 
more  closely  packed,  the  mati-ix  being  in 
relatively  less  amount  than  in  later  life. 

Development. — Cartilage  is  formed  in  the 
embryo  from  mesenchyme  similar  to  that 
which  gives  origin  to  other  forms  of  con- 
nective tissue.  Each  cell  forms  a  capsule 
around  itself,  and  the  blended  capsules 
compose  the  first  matrix.  Cartilage  some- 
times remains  in  this  condition  throughout 
life ;  it  is  then  termed  parenchymatous  car- 
tilage. This  can  be  seen  in  the  mouse's  ear  ; 
where  also  the  cartilage  cells  become  filled 
with  fat.  Cartilage  at  first  grows  partly 
by  interstitial  expansion  (accompanied  by 
cell  multiplication  and  by  formation  around 
and  between  the  cells  of  intercellular  sub- 
stance), partly  by  apposition  at  the  perichondrium,  the  connective  tissue 
becoming  here  transformed  into  cartilage  At  a  later  period  of  growth 
the  increase  in  size  and  change  in  shape  of  cartilages  are  due  almost 
entirely  to  the  agency  of  the  perichondrium. 


Fic.     127.  —  Villus  of 

SYNOVIAL  MEMBRANE. 

(Hanimar. ) 


Synovial  Membranes. 

The  synovial  membranes  are  often  compared  with  the  serous 
membranes.  They  are  indeed,  like  the  latter,  connective-tissue 
membranes  which  bound  closed  cavities  moistened  with  fluid,  but 
they  are  not  connected  with  the  lymphatic  s^'stem,  nor  is  the  fluid 
(synovia)  which  moistens  them  of  the  nature  of  lymph.  Moreover, 
there  is  either  no  endothelial  lining,  or  it  occurs  only  in  patches, 
in  place  of  the  continuous  lining  which  we  find  in  the  serous  mem 
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branes.  Long  villus-like  projections,  simple  (fig.  127)  or  compound — 
the  so-called  Haversian  frinyes — occur  in  some  situations ;  they  are 
beset  in  parts  by  small  rounded  cells,  and  probably  serve  to  extend 
the  surface  for  the  secretion  of  synovia.  The  blood-vessels  of  synovial 
membranes  are  numerous,  and  approach  close  to  the  inner  surface  of 
the  membrane.  They  are  well  seeii  in  preparations  from  an  injected 
limb. 
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LESSON  XII. 

THE  CONNECTIVE  TISSUES  (continupxl). 

COSTAL  CARTILAC.K.  FIBHO-CAKTILAOE. 

L  Make  tran.sverae  and  tangential  sections  of  a  i-ib-cai  tilago,  wliieli  may 
eitlier  he  fresh,  or  may  have  l)eeii  preserved  in  .spirit  oi'  formol.  Stain  them 
with  hii'mainni  or  carmahnn  (if  fresh,  after  treatment  with  acetic  acid  a-s  in 
Le.sson  XL  §  2,  or  they  may  be  placed  for  an  hour  or  two  in  •.")  p.c.  o.sniic 
acid),  and  mount  in  glycei'ine.  Sketch  a  part  of  a  transverse  section  under 
a  low  power  under  a  cell-group  from  one  of  the  tangential  sections  under  a 
high  j)ower.  Notice  especially  the  ariungement  of  the  cells,  somewhat 
concentric  near  the  surface  but  radial  near  the  centre.  The  costal  cartilages 
tend  to  become  ossified  near  the  middle  in  most  animals,  but  in  man  when 
ossilication  occurs  it  is  the  superficial  laye,r  which  is  invaded. 

2.  Make  sections  of  the  caitilage  of  the  external  ear  (pinna),  either  fi'e.sli 
or  after  hardening  in  alcohol.  Mount  in  dilute  glycerine  faintly  coloured 
with  magenta  or  stain  with  orcein  and  mount  in  lialsam.  The  u])per  end  of 
the  arytenoid  cartilages  of  the  ox  or  calf  may  al.so  be  employed.  Is^itiee  the 
large  "reticulating  elastic  fibres  in  the  matrix.  Notice  also  the  isolated 
granules  of  elastin,  and  around  the  cartilage-cell  an  ai-ea  of  clear  ground- 
substance.  If  from  the  ear  of  the  mouse  or  rat  there  is  very  little  matrix 
and  no  elastic  fibres,  and  the  cells  are  almo.st  in  contact  (parenchymatou.s 
cartilage)  ;  these  cells  also  contain  fat  (.staining  with  csmic  acid). 

3.  Mount  a  section  of  tlie  epiglottis  in  the  same  way.  Notice  the  clcser 
network  of  nuich  finer  fibres  in  its  cartilage. 

4.  Cut  sections  of  white  fibro-cartilage  (intervertebral  di.sk  or  semilunar 
cartilage  of  knee),  which  has  ijeen  hardened  in  picric  acid  followed  by  spu'it, 
or  in  spirit  only.  Stain  the  .sections  with  dilute  hajmabnn  or  carmahnn. 
Mount  in  dilute  glycerine.  Observe  the  wavy  fibres  in  the  matrix  and  the 
cartilage-cells  lying  in  clear  areas  often  concentrically  striated.  I^ook  for 
branched  cartilage-cells.  Sketch  three  or  four  cells  and  the  adjoining 
fibrous  mati'ix. 


Costal  cartilage. — In  tlie  costal  cartilage-s  the  matrix  is  not 
always  so  clear  a.s  in  the  cartilage,s  of  tlie  joints,  for  it  more  often 
happens  that  fibre,s  become  developed  in  it.  The  cells  are  generally 
larger  than  tliose  of  articular  cartilage,  and  collected  into  larger  groups 
(fig.  128).  Near  the  circumference,  and  under  the  perichondrium 
or  fibrous  covering  of  tlie  cartilage,  they  are  flattened  and  parallel  to 
the  surface,  but  in  the  deeper  parts  they  iiave  a  more  irregular  or  a 
i-adiated  arrangement.  They  frequently  contain  fat.  The  cartilages 
of  the  larynx  and  windpipe  and  of  the  nose  resemble  on  the  whole 
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the  costal  cartilages,  but  the  study  of  them  may  be  defended  until  the 
organs  where  they  occur  are  dealt  with. 

Elastic  or  yellow  fibro-cartilage  occurs  in  only  a  few  situations. 
These  are,  the  cartilage  of  the  external  ear  and  that  of  the  Eustachian 


Fk;.  1-28.— Skction  of  costal  cartilage.  Photograph.  Magnified  240  diameters. 

The  section  shows  se\  cml  jfi'oups  of  cartilafje-cells.  Capsule  outlines  are  seen  around  the 
trroups  and  also  around  the  individual  cells.  The  part  around  the  cells  and  cell- 
(,'roups  is  stained  more  than  tlie  rest  of  the  matrix. 


f 

Fi(i.  129. — Section  (IK  Ki.ASTic  CAKTii.A(;n  OF  EAK,  htman.   (.Sobotta. )  x280. 

c,  cartilage  cells ;  cap,  their  capsules  ;  m,  clear  matrix  around  cells  and  cell-^'roiips  ; 

/,  clastic  fibres. 

tube,  and  the  epiglottis  and  cartilages  of  Santorini  of  the  laryu.\.  The 
matrix  is  everywhere  pervaded  with  well-defined  branching  fibres, 
which  unite  with  one  another  to  form  a  close  network  (figs.  129,  130). 
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Fig.  130. — Section  of  el.vstic  cartilage  (upper  p.vbt  of  AErTESoiD  of  c.\lf) 
STAINED  with  jiaoenta.    Photograph.    Magnified  200  diameters. 

The  elastin  is  seen  partly  in  the  tonn  of  a  t'l-anular  deposit,  partlj-  as  finer  and  coarser 
intercomniunicatiiit'  filjres.  These  are  nowhere  in  contact  with  the  cartilage-cells, 
which  are  surrounded  by  clear  cartilage-matrix.  At  most  parts  of  the  section  the 
cells  ha\  e  dropped  out,  biit  two  or  three  are  seen  still  in  situ. 


LSI.— Six  Tici.N  111-  WHITE  fibro-cartilaok.  Photograph. 
Magnified  200  diameters. 
The  ground-substance  is  pervaded  by  wavy  connective-tissue  fibres. 


WHITE  FIBRO-CARTILAGE. 


These  fibres  resist  Mio  action  of  acetic  acid,  and  are  stained  deeply 
by  magenta;  they  are  evidently  elastic  fibres.  In  the  ox  they  are 
very  large,  but  smaller  in  man,  especially  in  the  cartilage  of  the 
epiglottis.  They  appear  to  be  developed,  as  with  elastic  tissue  else- 
where (see  p.  100),  by  the  deposition  of  granules  of  elastin  in  the 
matrix,  which  at  first  lie  scattered,  but  afterwards  become  joined  to 
form  the  fibres. 

WMte  fibro-cartilage  is  found  wherever  great  strength  combined 
with  a  certain  amount  of  rigidity  is  required  :  thus  we  frequently 
find  fibro-cartilage  joining  bones  together,  as  in  the  intervertebral 
disks  and  other  symphyses.  But  in  these  cases  the  part  in  contact 
with  the  bone  is  always  hyaline  cartilage,  which  passes  gradually 
into  the  fibro-cartilage  forming  the  bulk  of  the  symphysis.  Fibro- 


FlC.  132. — White  FUSKO-CAKTILACK  FEOiM  an  INTliRVKKTliHKAL  DISK,  HUMAN. 

Highly  magnified. 

Tlie  eoncenti'ic  lines  around  tlie  t-ells  indicate  tliu  limits  of  deposit  of  successive  ca])sules. 
One  of  the  cells  lias  a  forked  process  which  extends  lieyoud  the  h^valine  area  sur- 
rounding' the  cell,  amongst  the  fibres  of  the  general  matrix. 


cartilage  is  often  found  lining  grooves  in  which  tendons  run, 
and  it  may  be  found  in  the  tendons  themselves.  It  is  also  em- 
ployed to  deepen  cup-shaped  articular  surfaces;  and  in  the  case  of 
the  interarticular  cartilages,  such  as  those  of  the  knee  and  lower  jaw, 
to  allow  greater  freedom  of  movement  whilst  diminishing  the  liability 
to  dislocation.  Under  the  microscope  white  fibro-cartilage  looks  very 
like  fibrous  tissue,  but  its  cells  are  cartilage-cells,  not  tendon-cells 
(figs.  131,  132).  They  are  rounded  or  bluntly  angular  and  surrounded 
by  a  concentrically  striated  area  of  clear  cartilage-matrix.  In  some 
parts  of  the  intervertebral  disk  many  of  the  cells  are  branched, 
and  may  be  looked  upon  as  transitional  forms  to  connective-tissue 
corpuscles. 
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LESSON  XIII. 

THE  CONNECTIVE  TISSUES  {conlinued). 

BONE  ;  STRUCTURE  AND  DEVELOPMENT. 

\.  In  thin  .sections  of  hard  boue  made  by  grinding,'  observe  the  Haversian 
canals,  hinielhe,  lacunie,  canaliculi,  etc.  Make  a  .sketch  iir.st  under  a  low  and 
aftei'wai'ds  under  a  high  power. 

2.  With  fine  forceps  strip  ofi'  a  thin  .slued  from  the  .superficial  layers  of  a 
bone  which  has  been  decalcified  in  b  p.c.  commercial  sulphui'ous  acid  and 
aftei'waids  washed  with  water  foi-  24  hours.  It  may  be  kept  in  dilute 
alcohol.  Mount  the  shied  in  watei'.  Obsei've  the  fibrous  sti'ucture  of  the 
lamellte.  Look  foi-  perforating  fibres  or  the  hole.s  from  which  they  ha\e 
been  dragged  out.    Sketch  a  small  piece  of  the  thin  edge  of  a  lamella. 

3.  Stain  with  dilute  magenta  and  luemalum  solution,  or  with  methyl-blue 
and  eosin,  xevy  thin  sections  of  comj^act  bone  which  has  been  fi.xed  with 
10  p.c.  formol  (1  to  3  days)  and  then  decalcified  in  sulphurous  acid  as  above. 
Mount  in  dilute  glycerine,  cementing  at  once.  Look  for  fibres  of  Sharper 
piercing  the  circumferential  lamellaj.  The  elastic  perforating  fibres  are  more 
darkly  stained  than  the  others.  Notice  the  .stained  nuclei  of  the  lione- 
corpuscles  in  the  lacunte.  In  the  thinnest  pai  ts  of  the  sections  try  to  make 
out  the  blood-vessels  and  other  structuies  in  the  Haversian  equals. 

4.  Mount  in  xylol  balsam  oi-  dammar  a  section  of  a  fietal  lowei-  jaw 
which  has  been  stained  in  bulk  and  embedded  in  parafhn.-  Find  the  part 
where  the  lower  jaw-bone  is  liecoming  ossified,  and  carefully  study  the 
appeaiance  which  it  presents.  The  bone  is  prolonged  ui  the  form  of 
osteogenic  fibi'es  which  ai'e  covered  with  osteolilasts. 

5.  Intramembranous  ossification  may  also  be  studied  in  the  parietal  bone 
of  a  ftetus  which  has  Ijeen  preserved  in  Miiller's  fluid.  A  piece  of  the 
growing  edge  is  scraped  or  brushed  free  from  its  investing  memlu-ane.s,  aiid 
from  most  of  the  cells  which  cover  and  conceal  it,  and  is  mounted  in 
glycerine  with  or  without  ijrevious  staining  with  carmalum. 

6.  Mount  in  balsam  ur  dammar  sections  of  a  f(etal  limli  (which  may  have 
been  stained  in  bulk).  The  bones  will  lie  found  in  diflerent  stages  of 
ossification,  tho.se  of  the  digits  lieing  lea,st  developed.  Make  .sketches  illus- 
trating the  three  chief  stages  of  endochondral  ossification.  Notice  the 
peculiar  terminal  ossification  of  the  thii'd  phalanx. 


Bone  is  a  coiineubive  ti.ssue  iu  whicli  the  grouudsubstance  is 
impregnated  with  salts  of  lime,  cliieily  phosphate,  tliese  salts  consti- 
tuting about  two-tliird.s  of  the  weight  of  the  bone.    When  bones  arc 

'  Such  a  section  .should  be  purchased. 

-  .See  Appendix  for  method  of  sUiining  in  bulk.  In  place  of  this  the  sections  may 
bo  stained  by  Mallory"s  luotliod,  which  brings  out  the  osteogenic  fibres. 
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macerated  this  earthy  matter  prevents  tlie  putrefaction  of  the  animal 
matter.    When  bones  are  calcined  they  lose  one-third  of  their  weight, 


1>,  penostciiiii ;  pi,  ,ieriosteal  lion.\-  lamellii! ;  p'V,  deeijly  seated  lamellic  between  the 
ilaversian  systems;  //.  Haversian  systems;  (r,  tr,  trabecuhc  of  sponL'v  sul)stance ; 
ml,  lamellae  lioiiraliiifr  mcdnllai-y  spaces.  ^'        "-""'-'^ . 

owing  to  the  destruction  of  the  animal  matter ;  when  steeped  in  acid 
the  earthy  salts  are  dissolved  and  only  the  animal  matter  is  left.  This, 
like  areolar  and  fibrous  tissue,  is  converted  into  gelatine  by  boiling. 
8 
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Bony  tissue  is  either  comjxici  or  caucdfrUed.  Compact  bone  is  dense, 
like  ivory ;  cancellated  is  spongy  with  obvious  interstices.  The  outer 
layers  of  all  bones  are  compact,  and  the  inner  part  is  generallj' 
cancellated,  but  the  shaft  of  a  long  bone  is  almost  entirely  made  up  of 
compact  substance,  except  along  the  centre,  which  is  hollow  and  filled 
with  marrow.    The  interstices  of  cancellated  bone  are  also  occupied 


n'  (I  h  r 


Fl(l.  1.S4. — PnOTOOEAPH  OF  TRANSVERSE  SECTION  OF  COMPACT  BONE,  SfADE  IIV 
GRINDING,  SHOWING  THREE  HAVERSIAN  CANALS  WITH  THEIR  CONCENTRIC 
IjAMELL;E,  ANT)  ALSO  INTER-HA VERSIAN  BONY  SUBSTANCE.     Magnified  200 

diameters. 


a.  Haversian  canal,  filled  wil.li  .air  and  dfilji-is ;  a',  a  very  small  canal :  li,  b,  junction  of 
two  Haversian  systems ;  6',  margin  of  Ha\"ersian  system  abutting  on  iiiter-Haversian 
lamella! ;  c,  c,  c,  lamella!  jjarallel  to  periosteum  ;  (I,  inter-Haversian  bone  witli  irregular 
lacnna:!. 

by  marrow.  Externally  bones  are  covered  except  at  the  joints  by  a 
vascular  fibrous  membrane,  the  2}eriosteum. 

True  bone  is  always  made  up  of  lamella,  and  these  again  are  com- 
posed of  fine  fibres  lying  in  a  calcified  grov/iid-suhstance.  Between  the 
lamellfB  are  branched  cells,  the  hone-corjmscles,  which  lie  in  cell  spaces 
or  lacunce.  The  ramified  passages  which  contain  the  cell-processes  are 
termed  canaliculi. 

In  cancellated  bone  the  blood-vessels  run  in  the  interstices  supported 
by  the  marrow.  In  compact  bone  they  are  contained  in  little  canals — 
the  Haversian  canals — which  everywhere  pervade  the  bone.  These 
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canals  are  about  0'05  mm.  (j-i^y  inch)  in  diameter,  but  some  arc 
smaller,  others  larger  than  this.  Their  general  direction  is  longi- 
tudinal, i.e.  parallel  to  the  long  axis  of  the  bone,  but  they  are 
constantly  united  by  transversely  and  obliquely  running  passages. 
In  a  section  across  the  shaft  of  a  long  bone  they  are  seen  as  small 
rounded  or  irregular  holes  (fig.  133).  When  the  section  has  been 
made  by  grinding,  the  holes  get  filled  up  with  air  and  debris,  and 

hi 


Fk;.   135.— LoNmTUDIN.M.  suction   op  compact   bone,  showing  IUVFRSI^N- 

diameters"^  ''AMEij,;k,  and  inter.ha\t;rsian   hone.    Magnified '  200 

"r'trn'n''i,rn"f''n„'""  !<"'fe''t"<'"'='".v ;  'V  jonetion  of  two  Haversian  svsten,.s  of  lamella,  • 
mcJlluo' d.  ^'""""'g  "PO"  intei-HaverMan  l,b„e  with  ine^'Ila,: 

they  then  look  black  by  transmitted  light,  as  do  also  the  lacunar 
and  canaliculi  (figs.  134,  135).  Most  of  the  lamellae  in  compact  bone 
are  disposed  concentrically  around  the  Haversian  canals ;  they  are 
known  as  the  Haversian  lamella^,  and  with  the  included  canal  form 
what  18  known  as  a  HavevHian  system.  The  lacuna,  of  Haversian 
system  communicate  with  one  another  and  with  the  Haversian  canal 
but  not  as  a  rule  with  the  lacunaj  of  adjacent  Haversian  systems  The 
angular  interstices  between  the  Haversian  systems  are  Generally 
occupied  by  bony  substance  which  is  fibrous  but  not  lamellar  (fig.s 
134,  135,  d).  Besides  the  lamellse  of  the  Haversian  systems  there  is  a 
certain  thickness  of  bone  at  the  surface,  immediately  underneath  the 
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periosteum,  which  is  composed  of  lamelhi?  arranged  parallel  with 
the  surface;  these  are  the  circumferential  or  perioHteal  himeUo'  (fig. 
133,  pi).  They  are  pierced  here  and  there  hy  simple  canals  for 
blood-vessels,  the  so-called  Volkmann'.'^  canah,  which  are  proceeding 
from  the  periosteum  to  join  the  system  of  Haversian  canals,  and 
also  l)y  calcified  bundles  of  white  fibres  and  by  elastic  fibres  which 
may  also  be  prolonged  from  the  periosteum.  These  are  the  per- 
foratiiuj  Jihres  of  Slwrpe.y  (fig.  13tt). 


Fio.  136.— Transverse  suction  of  nKc.Ai/iFiEn  iifman-  tiuia,  fuom  nf.ak 

THE  SURFACE  OP  THE  SHAFT. 

H,  11,  Haversian  canals,  witli  their  s.vstenis  of  concentric  lamella! ;  in  all  the  rest  of  the 
tigine  the  lamella;  are  circumferential;  «,  »,  or(linar.\  perforating,'  fibres  of  Sliaroev 
e,  e,  elastic  perforating' fibres.    Drawn  nnrter  a  power  of  .about  150  diameters  "  ' 


The  lamellae  of  bone  are  fibrous  in  structure.  Tiiis  may  be  seen  in 
shreds  torn  off  from  the  superficial  layers  of  a  decalcified  bone 
(fig.  137).  The  fibres  {decussatimi  fibres  of  Sharpey,  lamella  fibres)  often 
cross  one  another  in  ad.jacent  lamellfB,  and  in  the  Haversian  syst<?ms 
they  run  in  some  lamellas  concentrically,  in  others  parallel  with  the 
Haversian  canal.  In  shreds  of  lamelliu  which  have  been  peeled  off 
from  the  surface  the  perforating  fibres  may  sometimes  be  seen  pro- 
jecting from  the  surface  of  the  shred,  having  been  torn  out  of  the 
deeper  lamellie  (fig.  137,  c,  c).    When  tendons  or  ligaments  are  inserted 
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into  bone,  their  bundles  of  white  fibres  are  prolonged  into  the  bono  a.s 
perforating  fibres. 

The  lacunse  are  occupied  by  nucleated  corpuscles,  which  send 
oranches  along  the  canaliculi  (fig.  138).  They  have  a  special  lining 
layer  different  in  chemical  composition  from  the  rest  of  the  bone,  being 
much  more  resistant  to  the  action  of  strong  chemical  solvents  such  as 
hydrochloric  acid  (Neumann).  The  dentinal  tubules  of  the  teeth  have 
a  similar  lining  layer. 

The  Haversian  canals  contain  one  or  two  blood-capillaries  aud 
nervous  filaments,  besides  a  little  connective  tissue ;  and  the  larger  ones 


Fl(i.  137.— L.VMKLL^K  TOKN  OFF  FROM  A  DKCALCIFIKD  HUMAN  PAKIKTAL  BONE 
.VT  SOME  DEI'TH  FROM  THE  SURFACE.  (Khilfpey.) 
«,  lanielli.!.  .sliowint'  tlecussatiiif;  liljres ;  fc,  h,  thicker  part,  where  several  laiiiellie  are 
siilierposerl ;  c,  c,  perforntiIl^'  lihres  ;  the  lihrils  which  compose  them  are  not  shown 
Ml  the  Hsriire  .\perttn-es  through  w\m-\\  perforatiiiir  fihres  had  passed  are  seen, 
especially  ni  the  lower  part,  (t,  o(  the  liunre.  Magnitude  as  seen  under  ii  power  of 
JOO  diameters,  Imt  not  drawn  to  scale.    (Krom  a  sketch  li.v  Allen  Thomson.) 

may  also  contaui  a  few  niarrow-cells.  There  are  also  cleft-like  lym- 
phatic spaces  running  with  the  vessels,  their  cells  being  connected 
through  canaliculi  with  branches  from  corpuscles  within  the  neigh- 
bouring lacunie  of  the  osseous  substance  (fig.  139). 

The  periosteum  may  be  studied  in  toru-ofi"  shreds,  in  preparations 
stained  in  dlu  with  silver  nitrate,  and  in  stained  sections  from  an 
uiimacerated  bone  which  has  been  decalcified.  It  is  a  fibrous 
membrane  composed  of  two  layers,  the  inner  of  which  contains 
many  elastic  fibres.  In  the  outer  layer  numerous  blood-vessels 
ramify  and  send  branches  to  the  Haversian  canals  of  the  bone.  The 
periosteum  ministers  to  the  nutrition  of  the  bone,  partly  on  account 
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of  the  blood-vessels  and  lymphatics  it  contaiiiB,  partly,  especially  in 
young  animals,  on  account  of  the  existence  between  it  and  the 
bone  of  a  layer  of  usteubUmls  or  boae-foriniiuj  cells,  a  remainder  of 


Fl(i.  138. — A  BONK-CELl,  ISOLATED 
.VND  HKmijY  MAdNIKtED. 

(Joseph. ) 

«,  prapei'  wall  of  the  lacuna  (Ncuniaiin's 
layer),  where  the  (;oriniseIc  has 
slinuikeii  away  from  it. 


Fid.  139.  —  Section  of  a  n.\\TiRSi.\x 

CANAI>,  SHOWIXfJ   ITS  CONTENTS. 

Highly  magnified. 

n,  small  arterial  ea))illary  vessel  ;  0,  larire  \eiious 
capillar.'i  ;  n,  pale  nerve-flhres  eut  across ; 
I,  cleft-like  lympliatic  vessel ;  one  of  the  cells 
forming'  its  wall  conmuinicates  by  fine  branches 
with  the  branches  of  a  bone-corpuscle.  The 
substance  in  which  the  vessels  run  is  connec- 
tive ti.ssue  with  ramified  cells ;  its  finely 
(,'ranular  appearance  is  probably  due  to  the 
cross-section  of  fibrils.  The  canal  is  surrounded 
h\  several  concentric  laniellai. 


those  which  originally  produced  the  boue.  It  also  serves  to  give 
attachment  to  muscular  fibres. 

The  marrow  of  bone  has  been  already  studied  (pp.  43  to  46). 


DEVELOPMENT  OF  BONE. 

True  bone  is  formed  in  all  cases  by  ossification  of  connective  tissue. 
Sometimes  the  bone  is  preceded  by  cartilage,  which  fii-st  becomes 
calcified,  and  this  is  then  invaded,  and  for  the  most  part  removed,  by 
an  embryonic  connective  tissue  which  re-deposits  bony  matter  in  the 
interior  of  the  cartilage.  This  is  intracartUaf/inous  or  endochondral  ossi- 
fication. At  the  same  time  layers  of  bone  are  being  formed  outside  the 
cartilage  underneath  the  periosteum.  The  whole  bone  thus  formed  is 
termed  a  cartildye-bone.  Sometimes  the  bone  is  not  preceded  by  carti- 
lage, and  then  the  only  process  which  occurs  is  one  corresponding  to  the 
subperiosteal  ossification  of  the  cartilage  bone  ;  the  ossification  is  then 
known  as  intr<miembrnnous,  and  the  bone  formed  is  a  viembninc-bone. 

Ossification  in  cartilage. — This  may  be  described  as  occurring  in 
three  stages.  In  the  first  stm/e  the  cells  in  the  middle  of  the  cartilage 
become  enlarged  and  arranged  in  rows  radiating  from  the  centre 
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(fig.  140),  and  fine  gi-anules  of  calcareous  matter  are  deposited  in 
the  matrix.  Simultaneously  with  this  the  osteoblasts  underneath 
the  periosteum  deposit  a  layer  or  la3'ers  of  fibrous  lamelhe  upon  the 


Fk;.    140.— SkCTION  op  rilAI.ANUK.M.  monk  ok  IICMAN  K(KTi:S  AT  TlIK  TIJl  K  OK 

I'oMiMK.sciNii  ossiFlCATiu.v.  ( From  a  piepiUiition  by  F.  A.  Dixey. )  'I'he 
preparation  wa.s  stained  in  bulk  with  magenta.  The  drawing  is  made 
from  a  photograph,  and  is  magnified  alxnit  7')  diameters. 

The  (■ai  t  ilage  cells  in  the  (.-enti-e  are  enlarcerl  and  are  separated  frniii  one  another  hvstaine<l 
ealeihed  matrix  ;  tin,  layer  of  Ijone  deposited  underneath  the  periostemn  ;  o,'  layer  of 
osteoljInstH  hy  which  the  layer  has  heeti  tonneci.  .Some  of  the  ostcohlnsUs  are  al'readv 
embedded  m  the  new  hone  .-us  hone-cells  witliin  huninie.  The  cartila(;e-trells  are 
Hattened  and  arranf,'ed  in  rows  above  and  below  the  calcified  (xntre.  At  the  ends  of 
the  cartiiaije  the  cells  are  small,  and  the  jjroups  are  irretfniarlv  arranged  ;  the  librons 
periosteum  is  not  sharply  marked  off  from  the  cartila(,'e. 

surface  of  the  cartilage,  and  these  lamelhe  also  become  calcified 
(fig.  140,  im).  As  they  are  formed,  some  of  the  osteoblasts  (o)  are 
included  between  them  and  become  bone-corpuscles. 

In  the  necond  nUuje  some  of  the  subperiosteal  tissue  eats  its  way 
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tliruufrh  the  newly  formed  layer  of  bone  and  into  the  centre  of  the 
calcified  cartilage  (fig.  Ml,  ir).  This  is  freely  absorbed  before  it 
(fig.  143),  so  that  large  spaces  are  produced  which  are  filled  with 
osteoblasts,  and  contain  numerous  blood-vessels  which  have  grown 
in  at  the  same  time.  These  spaces  are  termed  mudullury  spaces,  and 
this  second  stage  may  be  termed  the  stayn  of  irrujjlioit. 


Fi(i.  141. — Sectiu-v  or  iMKTfiF 

ONK  OF  THE  LIMB-liONES  OF 
A  rCET.VL  C.iT,  .\T  A  MORE 
.VUVANCEI)  STAliE  OF  OSSIFI- 
CATION TK,\.\  IS  KEI'KESENTED 
IN  FK;.  140,  ANI>  SOMEWHAT 
JIOKE     HICIILV  MACNiriEU. 

Drawn  from  a  photograph. 

The  i-nlcifk-atioii  of  tliu  cartilaire- 
matrix  lias  advanced  from  tlie 
centre,  and  is  e.xtendiiit,'  between 
the  groups  of  eartilage-cells,  whiuli 
are  arranged  in  cliaracteristic 
rows.  The  suh)x-riostcal  bony 
dejiosit  lia-s  extended  pari 

passu  with  the  ojilcifieation  of  the 
cjartilage-niatrix.  Tile  cartilage 
cells  in  the  calcified  part  are 
mostly  shrunken  and  stellate ;  in 
some  cases  they  have  dropjwd  out 
of  the  spaces.  .\t  iV  and  in  two 
other  jilaces  an  irruption  of  the 
subperiosteal  tissue,  comjiosed  of 
ramified  cells  with  osteoblasts 
and  growing  blood-vessels,  has 
penetrated  the  subperiosteal  hon\- 
crnst,  and  li,-is  begun  to  excavate 
secondary  areola)  or  medullary 
spaces ;  fihrons  layer  of  tlie 
periosteum  ;  o,  lay  er  of  osteoblasts, 
some  of  them  are  embedded  in 
the  osseous  layer  as  bone-corjiuscles 
in  lacunie.  The  blood-vessels  are 
occupied  by  blootl  -  corpuscles. 
Beyond  the  line  of  ossific  advance 
the  periosteum  may  be  noticed 
to  be  distinctly  incurved.  This 
incm  vation  is  gradually  moved  on, 
the  cartilage  expanding  behind  it 
until  the  head  of  the  Iwnc  is 
reached,  when  it  forms  the  perio- 
steal notch  or  groove  represented 
in  figs.  H4  and  H7. 


In  the  third  stage  of  endochondral  ossification  there  is  a  gradual 
advance  of  the  ossification  towards  the  extremities  of  the  cartilage,  and 
at  the  same  time  a  gradual  deposition  of  fresh  bonj^  lanielhe  and  spicules 
on  the  walls  of  tlie  medullary  spaces,  and  on  the  surface  of  the  new 
bone  under  the  periosteum.  The  advance  into  the  cartilage  always 
takes  place  by  a  repetition  of  the  same  changes,  the  cartilage-cells  first 
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enlarging  and  becoming  arranged  in  rows,  the  niati'ix  between  the 
rows  becoming  calcified,  and  then  the  calcified  cartilage  becoming 
excavated  fioni  behind  by  the  osteoblastic  tissue  so  as  to  form  new 
medullary  spaces  (fig.  142).  The  walls  of  these  are  at  first  formed  only 
by  remains  of  the  calcified  cartilage-matrix  (fig.  142,  <■),  but  they  soon 
become  thickened  by  lamellte  of  fibrous  bone  which  are  deposited  by 
the  osteoblasts,  and  between  which  bone-corpuscles  become  included. 


'm 


Fig.  142. — Pakt  of  a  mn(ji- 
tudinai,    section    (if  the 

OEVELOriNC    FEMUR   OF  THE 

KABBIT.  (Klein.)  Drawn 
under  a  magnifying  power 
of  350  diiimeters. 

(T,  rows  of  M.atrtuiiL'd  uarlilaffe-cells ; 
h,  ^veMy  oiilarjfed  cartilat'e-cells 
close  to  the  ativanuin^  hone,  the 
matrix  hctween  is  partly  caleifled  ; 
<!,  d,  already  formed  hone,  the 
osseous  ti'ahecula;  lieiii^  uox'ered 
with  osteohlasts  (c)  exeept  here  and 
there,  where  an  osteoel.ist  (/)  is 
seen  erodint;  parts  of  the  trahe- 
euliu ;  g,  li,  eartilatfe-cclls  which 
have  heuoine  shninken  and  irre- 
gular in  slia|U'.  l''roin  the  middle 
of  the  (1(,'nru  downwards  the 
trabeuula;,  wliieh  are  formed  of 
calcified  cartihifje-nrntrix,  are  l)e- 
cominj;  covered  with  secondary 
osseous  substance  deposited  by 
the  osteoblasts.  The  vascular 
loops  at  the  extreme  limit  of  the 
bone  are  well  shown,  as  well  as 
the  abrupt  disappearance  of  the 
cartilafe'e-cells. 


as  in  the  case  of  the  subperiosteal  bone.  The  latter  advances  pari  passu 
witli  the  endochondral  calcificati(jn,  but  beyond  this  the  uncalcified 
cartilage  grows  both  in  lengtli  and  breadth,  so  that  the  ossification 
is  always  advancing  into  larger  portions  of  cartilage;  hence  the 
endochondral  bone  as  it  forms  assumes  the  shape  of  an  hour-glass, 
the  cylindrical  shape  of  the  shaft  being  maintained  by  additions  of 
periosteal  bone  to  the  outside  (see  fig.  144).    The  absorption  of  the 
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calcified  cartilage  matrix  appears  to  be  effected,  as  is  the  case  with 
absorption  of  bony  matter  wlierever  it  occurs,  by  large  multi-nucleated 
cells  (fig.  1  i2,/,/)  which  are  termed  osteoclnsls.  They  are  multi-nucleated 
giant  cells  like  those  of  the  marrow,  and  are  always  found  on  surfaces 
where  absorption  of  bone  is  taking  place,  whereas  the  osteoblasts  are 
always  found  covering  surfaces  where  bony  deposit  is  proceeding 
(fig.  U5). 


Flc;.    143. — LUNCITUDINAL  SECTION   TIIROUCU    I'AHT  (IK  A    I'llAI.ANX  OF  A  SIX 

moNTiis'  iiUiMAN  K.Mninii.  (Kiilliker.) 

The  (-alfilierl  cai-tilatfc  is  completel.v  atisorbed  almost  to  Uic  limit  of  advaiiciiij,'  ealcitiratioii. 
The  osseous  substance  on  either  side  is  iieriosteal  liouc.  The  emhrvonii-  marrow  ha.- 
shrunl<  somcwliat  away  from  it. 

The  bone  which  is  first  formed  is  more  reticular  and  less  regularly 
lamellar  than  that  of  the  adult,  and  contains  no  Haversian  .systems. 
The  regular  lamellin  are  not  deposited  until  some  little  time  after 
birth,  and  their  deposition  is  generally  preceded  hy  iV  considerable 
amount  of  absorption.  It  is  about  this  time  also  that  the  medullary 
canal  of  the  long  bones  is  formed  by  the  absorption  of  the  bony 
tissue  which  originally  occupies  the  centre  of  the  .shaft. 
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After  a  time  the  cartilage  in  one  or  botli  ends  of  the  long  bones 
begins  to  ossify  independently,  and  the  ejnphyses  are  formed  (fig.  148). 


Fll!.  144. — LoNGITUDIN.VI.  SEC- 
TION THKOUCiH  THK  UIM'EK 
HALF  OF  THE  DEC  AIXI  Fl  El) 
IIUMEKUS  OF  A  F(E'rAlj  SHEEP, 
AS  SEEN  UNDEK  A  MAONIFY- 
]N(i  POWER  OF  AHOUT  30 
DIAMETERS. 

c,  the  part  of  the  shaft  wliiuh  was 
priniaril.N  ossified  in  eartilaije ; 
what  remains  of  tlie  primary  lione 
is  represented  darls,  enveloped  by 
the  clear  secondary  deposit.  The 
areolaj  of  the  bone  are  occupied 
by  embryonic  marrow  with  osteo- 
blasts, and  blood-vessels  variously 
cut.  One  lori),'  straij;ht  \essel  (6i)) 
passes  in  .idvance  of  the  line 
of  ossification  far  into  the  cartil- 
ajfinous  heafl,  most  of  tlie  others 
loo])  round  close  to  the  cartilatjc. 
.■\t  one  or  two  places  in  the  older 
parts  of  the  bone  elon^rated  grouiis 
of  cartilat'e-cells  (cc)  may  still  fjc 
seen,  which  ha\e  hitherto  escaped 
absorption.  711,  the  [lart  of  tlic 
bone  that  has  been  ossified  in 
membrane,  that  is  to  .say,  in  the 
osteoblastic  tissue  under  the  i>crir). 
slcum.  It  is  well  marked  ofl  from 
the  central  portion,  and  is  bounded, 
peri))herally,  by  a  jaj,'jred  ed(,'e, 
the  i)rojections  of  which  are  in- 
distinctly seen  to  be  ])roIon(fed 
by  bunches  of  osteoi;enie  fibres. 
\  row  of  osteoblasts  covers  the 
superficial  layer  of  the  bone.  The 
subperiosteal  layer  is  i)rolonged 
above  into  the  thickenini,'  (p) 
whicli  encroaches  upon  the  car- 
tilatfe  of  the  head  of  the  bone, 
and  in  which  are  seen  amon),'st 
immerous  osteobla.sts  and  a  few- 
blood-vessels,  the  straight  longi- 
tudinal osteogenic  fibres  (0/),  and 
.some  other  fibres  (pf)  crossing 
them,  and  jjerhaps  representing 
fibres  of  Sliariiey.  The  calcareous 
salts  having  been  removed  by  an 
acid,  the  gramilar  nature  of  Ihe 
ossific  dejiosit  between  the  rows  of 
cartiKage-cells  is  not  seen  in  this 
specimen  ;  it  would  have  extended 
as  far  as  a  line  joining  the  marks 
XX.  Observe  the  general  ten- 
dency of  the  osseous  trabecula; 
.and  the  vascular  channels  between 
them  to  radiate  from  the  original 
centre  of  ossification.  This  is  found 
to  prevail  more  or  less  in  all 
bones  when  they  are  first  formed, 
.although  the  direction  of  the 
trabeculie  may  afterwards  become 
inodifled  in  relation  with  vary- 
ing physiological  conditions,  aiid 
especially  a.s  the  residt  of  pressure 
in  different  directions. 


These  are  not  joined  to  the  shaft  until  the  growth  of  the  bone  is 
completed.    Growth  takes  place  in  lenglk  by  an  expansion  of  the 
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cartilage  which  intervenes  between  the  shaft  and  the  epiphyses  {inter- 
mediate t'rtrii/rt^e),aiidbythe  gradual 


extension  of  the  ossification  into  it; 
Mi  width  entirely  by  the  deposition 
of  fresh  bony  layers  under  the 
periosteum.  In  the  terminal  pha- 
langes of  the  digits  the  ossification 
starts,  not  from  the  middle  of  the 
cartilage,  but  from  its  distal  ex- 
tremity (Dixey). 

For  the  regeneration  of  portions 
of  bone  which  have  been  removed 
by  disease  or  operation  it  is  im- 
portant that  the  periosteum  be  left, 
because  a  considerable  ainount  of 
the  blood  supply  comes  through  the 
vessels  of  the  periosteum,  and  there 
are  also  osteoblasts  on  its  under 
surface.  But  fragments  of  bone  may 
some  circumstances  undergo  regeneration  even  after  removal 


Fig.  145. — Bony  TRAjiKCUL.-E  from  tue 

DEVELOPING  LOWER,  JAW  OF  A  UALF, 
SHOWING  OSTEOCJ^ASTS  AT  THE  EX- 
TREMITIES WHERE  ABSORfTION  IS  PRO- 
CEEDING, AND  OSTEOBLASTS  COVERING 
THE    SIDES     WHERE    DEPOSITION  OF 

BONE  IS  GOING  ON.  (KolHker.) 


under 


Fig.  14(5.— Transverse  skction  gf  a  develop- 
ing nONE,  SHOWING  THK  PERIOSTEAL  LAYER 
BECOMING  FORMED  FROM  OSTE0(JENIC  FIBRES. 

cb,  lai  til.'iS';  I'O'ie  >  1'^'  periosteal  bone :  sp,  lione  spiciilcs 
prolonged  bv  osteotrenic  Hbres ;  periosteum  ;  M, 
i)lood-vessels ;  c,  remains  of  the  ealciflcd  cartila(fe ; 
0,  osteohliista  forming  bone  upon  this. 


F'lG.   147.— Section    of  the 

OSSIFICATION  groove  IN  THE 
HEAD  OF  A  LONG  HONE. 

d,  cartilajre ;  p.  periosteal  tissue 
with  ostcojrenie  fibres  and  osteo- 
blasts. This  tissue  occupies  the 
*'^oove.*' 
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of  tlie  periosteum,  by  the  agency  of  tlie  osteoblasts  and  vessels  in 
the  marrow. 

Intramembranous  ossification. — In  this  variety  of  ossification  (figs. 
149,  1.50),  the  bono  is  not  preceded  by  cartilage  at  all,  and  therefore  no 


Fk;.  148.— Suction  tiiuoich  km:i;-.joint  ok  kkiiit-dav  raiihit  uuiiiNo 
THK  KoKMATioK  OF  Ki'iPuvsKS.    (A.  Bidder.) 

CO.  imiial  oan-vint'  osteol.hwtic  tissue  from  tlie  diaphysis  of  the  feiiuir  to  its  eninlu  sis  • 
CB,  vo-sculai-  canal  in  eartilage  ;  ph,  j)eriosteal  hone;  e,  ei)iphvsis  in  end  of  fei'nur' 
'tM?"  t'?'"-'"  '  <'f  iiiiossitiea  cai-tilaKe ;  J),  patella,' 


endochondral  bone  is  formed,  but  the  calcification  occurs  in  a  soi't  of  em- 
bryonic connective  tissue  which  contains  numerous  osteoblasts  and  blood- 
vessels. The  fibres  of  this  tissue  (osteogenic  fibres),  which,  like  those 
of  fibrous  tissue,  are  collected  into  small  bundles,  become  enclosed  in  a 
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Frc.  149. — Part  of  ttie  ciROWiNU  edc'E  of  the  developing  parietal  bone 

OF  A  FCETAL  OAT,    Ih  INCH  LONO. 
sp,  bone  spicules,  witli  some  of  the  osteoblasts  embedded  in  them,  jn'oduoinp:  the  lacunie : 
of,  osteogenic  fibres  prolonging:  the  spicules,  witli  osteoblasts  (out)  between  them  and 
applied  to  them  ;  a,  granular  calcific  deposit  occurring  in  the  groimd-snbst.mce  between 
the  fibres  ;  c,  union  of  two  adjacent  spicules. 


t'  'J 

Fig   150  — Section  of  ossifyino  maxillary  hone  of  new-born  rat. 

(V.  Korflf.) 

0  0  osteoblasts;  6,  bony  sul)stance  wlh  osteoblasts  iind  fibres;  «>',  grow  hig  border  ofbone ; 
'   'c,  embryonic  connective  tissue,  showing  its  fibres  rontiiuious  \rith  the  osteoifenic 
fibres  of  the  gi-owing  border. 
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calcareous  matrix,  produced  by  the  deposition  of  lime  salts  in  the  ground- 
substance  of  the  connective  tissue;  and  as  the  fibres  grow,  the  calcifica- 
tion extends  further  and  further,  so  that  bony  spicules  are  formed,  which, 
as  they  become  thickened,  run  together  to  form  reticular  layers,  leaving 
spaces  filled  with  osteoblasts  around  the  blood-vessels.  The  osteogenic 
fibres  are  covered  with  osteoblasts,  and  as  the  bone  forms,  some  of  these 
become  left  as  bone-corpuscles  within  lacunar.  Thus  in  every  particular 
the  development  of  these  bones  resembles  that  of  the  subperiosteal 
layer  of  endochondral  bone ;  which  is,  therefore,  also  to  he  considered 
as  an  instance  of  intraniembranous  ossification,  although  taking  place  on 
the  surface  of  cartilage.  Moreover,  it  is  the  same  subperiosteal  tissue 
which,  in  endochondral  ossification,  deposits  the  true  oi'  secondary  bone 
upon  those  parts  the  calcified  cartilage-matrix  which  have  escaped 
absorption  ;  and  this  must  also,  therefore,  be  reckoned  as  developed 
according  to  the  same  type.  In  fact,  even  in  intracartilaginous  ossi- 
fication, veiy  little  of  the  calcified  cartilage-matrix  eventually  remains; 
this  being  almost  wholly  absorbed  and  either  replaced  by  true  or  fibrous 
bone  which  has  been  formed  by  ostdblasts,  or  swept  away  to  foi'm  tlie 
medullary  and  other  ca^dties.  I 

Witli  lefeieiice  tn  tlie  origin  of  the  osteoblasts,  it  lias  ])eeii  thought  bv 
some  authors  that  they  aie  derived  from  the  blood-ve.sseis,  and  are  in  fact 
leucocytes  which  liave  wandeied  out  of  the  vessels  and  have  taken  on  the 
special  osteogenic  function.  Anotlier  and  a  more  jjrobable  view  regards 
them  as  modified  connective-tissue  cells  formed  within  the  periosteum  and 
merely  accompanying  the  vessels  into  the  interior  of  the  ossifying  cartilage. 
They  have  also  been  thought,  but  with  less  probability,  to  be  formed  bv 
diWsion  and  alteration  of  the  cartilage-cells. 
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LESSON  XTV. 

STRUCTURE  OF  STRIATED  MUSCLE. 

1.  Take  a  shred  of  mu.scle  from  a  recently  killed  luannual,  and  on  a  di-y  slide 
carefully  separate  long  pieces  of  niusculai-  fibres  (single  fibres  if  possible)  and 
stretch  them  out,  keeping  them  moist  diiring  the  process  by  breathing  on 
the  slide.  Put  a  di'op  of  serum  or  Ringer's  solution  on  the  cover-gliiss  before 
placing  this  over  the  preparation.  Study  first  with  a  low,  then  with  a  high 
power.  Sketch  all  the  appearances  to  be  seen  in  a  small  piece  of  a  fibre, 
focussing  carefully  the  most  superficial  layers.  Notice  the  oval  nuclei  imme- 
diately under  the  sarcolennua.  Then  allow  a  little  dilute  acetic  acid  to  run 
under  the  cover-glass  and  watch  its  effect. 

2.  Prepare  some  fibres  of  frog's  muscle  in  the  same  way,  but  mount  in 
salt  solution  instead  of  serum.  Notice  tlie  muscular  substance  shrinking 
away  here  and  there  from  the  sarcolemma,  which  then  becomes  distinctly 
visible.  Sketch  a  piece  of  sarcolemma  bridging  acro.ss  an  interval  thus 
produced. 

3.  Study  transverse  sections  of  muscle  which  has  been  hardened  in  alcohol 
or  formol  and  stained.  Mount  in  dannnar  varui.sh  or  xylol  balsam.  Examine 
the  section  of  a  fibre  first  with  a  low  and  then  with  a  high  power.  Sketch 
the  appearances  which  are  seen. 

In  each  of  tlie  abo-\-e  preparations  measure  the  diametei'  of  some  of  tlie 
fibres. 

Sections  of  muscle-spindles  may  be  searched  for  m  the  transver.se  sections 
of  muscle. 

4.  Place  in  I  per  cent,  osmic  acid  a  small  shred  of  mannnalian  muscular 
tissue  which  has  been  stretched  upon  a  cork.  After  -lA  hours,  when  it  will 
be  deeply  stained,  wash  it  in  water  and  with  needles  break  the  fibres  uj)  m 
glycerine  as  finely  as  possible.    Cover  and  examine  with  a  high  power. 

5.  Cut  off  the  head  of  a  small  garden  beetle  or  wasp,  and  bisect  the  trunk 
with  scissors  so  as  to  expose  the  interior.  Notice  two  knids  of  muscular 
tissue,  the  one  belonging  to  the  legs  greyish  in  colour,  the  other  attached  to 
the  wings  \'ellowish.  Preparations  of  both  kinds-of  muscle  are  to  be  made 
in  the  same  way  as  living  mammalian  muscle  (§  1),  but  it  is  better  to  mount 
them  in  a  drop  of  white  of  egg.  In  both  prejDarations  the  dark-looknig 
air-tubes  or  trachea  form  prominent  objects  ramifynig  amongst  the  hbres. 
Observe  the  structure  of  the  two  kinds  of  muscle  so  far  as  it  can  be  made 
out  in  the  fresh  preparation.  If  the  preparation  is  made  quickly,  waves  ot 
contraction  will  probably  be  observed  pa.s.smg  along  the  fibres. 

r;  Make  another  pi  eiDaration  of  the  leg-mu.scles,  mounting  the  muscle  m 
vinegar.    (Alcohol-hardened  muscle  of  insect  or  crab  may  be  used  ^for  tins 


rmrpose.)  Notice  that  the  muscular  substance  swells  up  somewhat  and 
becomes  clearer,  whilst  the  sarcoplasm-network,  with  its  lines  and  dots, 
conies  more  distinctly  into  view.  In  a  well-teased  preparation  of  alcohol- 
hardened  muscle,  the  fibres  will  be  frequently  found  breaking  across  into 
disks    Make  careful  drawings  from  this  preparation. 

7  Rollett's  method.  Cut  off  the  head  of  an  in.sect  (wasp,  .small  beetle), 
bisect  the  trunk  and  place  in  90  per  cent,  alcohol  for  from  "24  to  48  hours 
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f)r  mure.  Then  take  a  small  piece  of  each  kind  of  muscle,  and  place  in 
strong  glycei'iue  for  some  hours.  Wash  thoidughly  with  water  and 
transfer  to  1  percent,  chloride  of  gold  .solution  :  leave  the  pieces  of  nuhscle 
in  this  from  to  30  minutes  according  to  their  size.  Fiom  the  gold 
solution  they  are  transferretl  to  formic  acid  (1  part  of  the  strong  acid  to 
:i  of  water),  and  kept  in  the  dark  for  24  hour.s,  but  they  may  be  kept  longer 
without  disadvantage.  The  muscle  is  then  teased  in"  glycerine.  Some  of 
the  fibres  will  lie  found  after  this  metliod  to  have  their  sarcoplasm  darkly 
stained,  and  to  show,  therefoi'e,  the  appearance  of  a  network  both  in  longi- 
tudinal and  transverse  view  :  othei's,  on  the  other  ha.nd,  ha\  e  the  sarcous 
elements  of  the  fibrils  or  sarcostyles  stained,  whilst  the  sarcoplasm  has 
remained  colourless. 


Voluntary  muscle  is  composed  of  long  cylindrical  fibres,  measuring 
un  an  average  about  0-05  mm.  in  diameter  (^i^-  inch)  in  mammalian 
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Fm.  151.— Sakcoucmma  or  mammaman  mi'.s(j,k  ni(iiii,v  m A(iNn-i|.i) 

"^^'"■lurht  'ir,'nk".\"'      "  i;'"^--^.  "">s,->,Iar  .M,l,.sl,,u,..c.  I,a.s  become  n,,.Un-e,i 

Tl     11^'  :i«ii.v  Icaviiitr  U.e  sareolenimn  (with  a  imeleiis  a.llierint'  K)  it)  clear, 

llie  lilire  has  lieen  trcatwl  willi  serum  acidulated  with  aeetiu  acid. 

Fic.  152.— Muscular  kibre  of  a  .mammaj,  e.xaminkd  frksii  in  siouuiM,  iikjmi.y 

.MAdNIKIKU,  THE  SURFACE  OK  THE  FIURE   HEINO   AC(!UKATEI-V  ForU.SSEI) 
The  nuclei  are  seen  o.i  the  flat  at  the  surface  of  the  fibre,  and  in'iirolile  towards  the  ed^'e. 
Flo.  153.— Portion  of  a  medium-sj/.ku  human  muscular  fihrk,  showinc;  the 

■  .NTEUMEDIATE  LINE  (DOIUE's  LINE)   MENTIONED  IN  THE  TE.XT.      (Shaipey. ) 

muscles,  and  often  having  a  length  of  an  inch  or  more.  Each  fibre 
lias  an  elastic  sheath,  the  mrcolemma,  which  encloses  the  contractile 
substance.  The  sarcolemma  is  seldom  visible,  unless  the  contained 
substance  becomes  broken  (fig.  1.51). 
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The  contractile  substance  of  the  fibre  is  characterised  by  the  alter- 
nate dark  and  light  stripes  which  run  across  the  length  of  the  fibre  : 
hence  the  name  cross-striated  or  striped  muscle.  On  focussing,  it  can  be 
seen  that  the  stripes  pass  through  the  whole  thickness  of  the  fibre ; 
they  may  therefore  be  looked  upon  as  representing  alternate  disks  of 
dark  and  light  substance.  If  the  fibre  be  very  carefully  focussed,  rows 
of  apparent  granules  are  seen  lying  in  or  at  the  boundaries  of  the  light 
streaks,  and  very  fine  longitudinal  lines  may,  with  a  good  microscope, 
be  detected  uniting  the  apparent  granules.  These  fine  lines,  with  their 
enlargements,  the  granules,  are  more  conspicuous  in  the  muscles 
of  insects.     They  indicate  the  divisions  between  the  longitudinal 
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Fit;.  154.  Fig.  155.  Fig.  156. 

Fig.  154.— Small  foktion  of  a  human  muscular  jibke  teased  into  sm.vll 
LONGITUDIN.VL  FRAGMENTS.    (Sliarpey. )    Magnified  about  800  diameters, 
o,  i),  c,  larger  and  smaller  grouiis  of  fibrils  ;  d,  ultimate  fibrils. 

Fi(i.  155.— Small  portion  of  a  muscle  fibre  of  crab  splittlng  up  into 

FIBRILS.    (From  a  photograph. )    Magnified  600  diameters. 
Fig.  156.— Section  of  a  muscular  fibre,  shovtog  areas  or  counueim. 
Three  nuclei  are  seen  lyinff  close  to  the  sarcolemnm. 

elements  {fibrils  or  sarcostyles)  which  compose  the  fibre,  and  in  pre- 
parations treated  with  dilute  acid  the  lines  appear  to  form  part  of 
a  fine  network,  which  pervades  the  muscle  substance,  and  server  to 
unite  the  granules  both  transversely  and  longitudinally.  This  network, 
whicli  is  sometimes  very  distinct  in  preparations  of  muscle  treated 
with  chloride  of  gold,  is,  however,  a  network  in  appearance  only :  in 
reality  it  is  the  optical  expression  of  the  interstitial  substance  which 
lies  between  the  fibrils,    This  substance  is  termed  sarcoplasm. 

On  examining  the  transverse  section  of  a  fibre  with  a  high  power, 
it  is  seen  to  be  subdivided  everywhere  into  small  angular  fields, 
Cohnheim's  areas  (fig.  156),  which  are  themselves  again  di^^ded  up  into 
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minute  dot-like  areas.  The  .smallest  divisions  represent  sections  of  tlie 
fibrils  of  which  the  fibres  are  composed,  and  into  which  they  may  be 
split  after  death,  especially  after  being  hardened  in  certain  reagents, 
e.cj.  chromic  acid  or  osmic  acid.  The  larger  areas  represent  groups  of 
fibrils.  These  areas  of  Cohnheim  are  usually  polyhedral,  but  they  may 
be  elongated,  and  disposed  either  radially  or  concentrically  with  the 
circumference  of  the  section.  The  interstitial  substance  or  sarcoplasm 
lies  between  the  fibrils  and  can  be  made  visible  by  treatment  with  dilute 
acid  or  by  staining  with  chloride  of  gold  (figs.  158,  159,  and  160).  It 
is  sometimes  in  relatively  large  amount,  but  in  most  muscular  fibres  is 
reduced  to  a  very  fine  interstitium. 

An  ill-defined  clear  line  is  sometimes  seen  running  transversely 
across  the  fibre  in  the  middle  of  each  dark  band.  This  is  termed 
Hemsen's  line. 

If  instead  of  focussing  the  surface  of  the  fibre  it  be  observed  in  its 
depth,  an  appearance  different  from  that  shown  in  fig.  152  is  frequently 
visible,  namely,  a  fine  dotted  line  {Dohie's  line),  bisecting  each  clear 
stripe  (fig.  153);  this  appearance  is  often  considered  to  represent  a 
membrane  (Krause'x  membrane),  which  subdivides  the  fibrils  at  regular 
intervals  (see  p.  134).  But  the  membranes  of  the  individual  fibrils  or 
sarcostyles  are  rarely,  if  ever,  visible  in  an  intact  mammalian  fibre,  and 
it  is  certain  that  the  appearance  of  such  a  line  in  the  middle  of  the 
clear  stripe  of  an  intact  fibre  is  in  most  cases  due  to  interference, 
caused  by  the  light  being  transmitted  between  disks  of  different 
refrangibility. 

Haycraft  has  suggested  tliat  the  eross-striation  of  voluntarv  luuscle  is 
(lueto  refi'active  ettects  produced  by  a  varicositv  of  the  component  fibrils 
Lasuig  lus  view  upon  the  fact  that  in  impressions  of  the  fibres  made  in  soft 
collodion  all  the  cross-striation  which  are  observed  in  the  fibre  itself  are 
reproduced.  There  is  no  doubt  that  a  well-marked  cross-striated  appeara i  ce 
•an  be  produced  lu  homogeneous  fibrils  by  regularly-occurring  viricositi^s 
and  inany  of  the  appearances  okserved  in  muscle  may,  as  Hayciaft  contends 

Intend,  t  n""  -  or  fibril's  stretched  t 

tl  .It  It  exhibits  no  varicosities  tlie  cro.ss-stnations  are  still  perfectlv  distinct 
^'^Z\-ITT''^?^  entirely  different  manner  in  which  the -subs  a, ice 
c   oit  ^t  i'r  1  ^r'^r  "  staining  reagents,  and  especiallv 

,  .H         V      F  \  ''PI''""'^       duected  in  S  7,  the  fact  being  that  verV 

el, l  ite  structural  appearances  can  under  the.se  circumstances  be"  made  m  t 
the  homogeneity  of  the  inuscle-fibril  cannot  be  admitted.  This  inference  is 
s  roiiglv  conhrme<l  by  the  microchemical  work  of  A.  B.  Maeallu      wl  o  has 

^ri-S^ii^Kn;:; :;,  (S^  tS;'  accmmiatec; 

Nuclei.— Besides  the  sarcolemma  and  striated  substance,  a  muscular 
fibre  also  exhibits  a  number  of  oval  nuclei  which  have  tlie  usual 
structure  of  cell-nuclei :  their  chromatin  often  has  a  spiral  arrangement 
bometimes  there  is  a  little  granular  substance  (protoplasm)  at  each 
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pole  of  the  nucleus  ;  each  nucleus  with  the  adjacent  protoplasm  has 
then  been  spoken  of  as  a  muscle-cwpuscle.    But  the  protoplasm  which 


FllJ.  157. — LlVlM-i  ilL  SLLE  (il'  \\  ATJ'.K-UEETI.K 

(DYTiscus  M.vKCUNALis).    Highly  magnified. 

a,  dim  stripe  ;  h,  bright  stripe  ;  c,  line  lines  witli  dot- 
like  enlargements  upon  them  w  hich  represent  the 
intertibriUar  sareoplasm. 


Fio.  159. 


^73 


Fig.  158.— Portion  oflec-ml-sllk 
of  1^'sect  tkk.vtkd  with  dilute 

.VOID. 

S,  sareolemma ;  D,  dot-like  enlargement 
of  sareoplasni  ;  K,  Ki-ause's  membrane. 
The  sarcous  elements  are  dissolved  or 
at  least  rendered  invisible  by  the  aoid. 


Fu:.  160. 


Fi(i.  159.— Tkansveksk  section  of  leii-i\u-sci.e  fihke  of  .vn  i.nsect, 

ST.MNED  WITH  OOLl)  CllLOIUDE. 
Th..  .n,.,.nnlnsm  is  here  stained,  and  appeal's  in  the  form  of  a  network,  in  the  meshes  of 
The  \ ™^         fibri  s    Notice  the  mottled  apiK-aranee  of  the  scetions 

of'Vt  slre^t  es  o  fibrils  huHelting  a  porous  structure,  as  in  th-,,-n,g  IM.nIs 
(see  fig.  1B3)  Tlie  central  protoplasm  (with  a  nucleus)  is  also  endent.  (bVoni  a 
photograph.) 

100  -Leu-muscle  fibke  of  insect  TiiE.vTEu  with  dilute  acid,  showing 
V  tendency  to  break  across  into  disks. 

jn  't^r.        -jeen  i  i^S^^^^^ 
anangement  of  the  sarcoplasm  ;  B,  longitud.nal  view  of  fibre. 

is  adjacent  to  the  nuclei  is  in  all  probability  continuous  with  the 
sarcoplasm  between  the  fibrils;  both  being  the  remains  of  the  original 
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undiiferentiated  protoplasm  of  the  cells  from  which  the  muscular  fibres 
are  developed.  In  the  mammalian  muscle  the  nuclei  usually  lie  imme- 
diately under  the  sarcolemma  (figs.  151,  152,  156),  in  frog's  muscle 
they  are  scattered  throughout  the  substance  of  the  fibre.  Some 
animals,  such  as  the  rabbit,  have,  besides  muscles  of  the  ordinary 
type  of  structure,  which  in  this  animal  are  pale  in  colour,  others  of 
a  deep  red  colour.  These  7-ed  muscles  were  found  by  Ranvier  to  exhibit 
certain  differences  both  in  structure  and  function.  One  difi"erence  of 
structure  is  that  the  nuclei,  which  ai"e  numerous,  are  not  confined  to 
the  surface,  but  are  scattered  throughout  the  substance  of  the  fibres. 
The  fibres  in  question  also  contain  more  sarcoplasm  than  the  ordinarj' 
fibres,  and  their  blood-vessels  have  a  peculiarity  of  structure  which  will 
be  afterwards  noticed.  Here  and  thei-e,  in  all  mammals,  amongst  the 
ordinary  fibres  are  some  in  which  the  nuclei  are  distributed  throush 
the  thickness  of  the  fibres ;  this  is  the  case  also,  as  just  remarked,  with 
all  the  muscular  fibres  of  the  frog.  In  muscles  which  are  in  constant 
activity,  such  as  the  diaphragm  and  the  dorsal  fin  muscles  of  Hippo- 
campus, the  protoplasm  (sarcoplasm)  of  the  fibres  is  present  in  relatively 
lai'ge  proportion,  and  this  is  also  the  case  with  the  wing  muscles  of  insects. 

The  transverse  section  of  a  muscle  shows  the  fibres  to  be  nearly 
cjdindrical  in  figure.  Between  the  fibres  there  is  a  certain  amount  of 
areolar  tissue,  which  serves  to  support  the  blood-vessels  and  also 
unites  the  fibres  into  fasciculi ;  the  fasciculi  are  again  united  together  by 
a  largei-  amount  of  this  intramuscular  connective  tissue  {endomy.wnn). 

Ordinary  or  leg-muscles  of  insects.— In  the  muscles  of  insects  the 
stripes  are  relatively  broad,  and  their  structure  can  be  more  readily  seen 
than  in  mammals.  In  the  living  fibres  from  the  muscles  which  move  the 
legs,  the  sarcoplasm  presents  a  striking 
appearance  of  fine  longitudinal  lines  tra- 
versing the  mu.scle,  and  enlarging  within 
the  light  stripes  into  rows  of  dots  (figs. 
157,  161).  This  is  still  better  seen  in 
fibres  and  portions  of  fibres  which  have 
been  treated  with  dilute  acid  (figs.  158, 
160).  In  separated  disks  produced  by 
the  breaking  across  of  muscle-fibres,  the 
surfaces  of  the  disks  show  a  network 

with  polyhedral  meshes  in  some  insects  p,,,  m.-\.n-..nvHv,A,  i.-ibrk  of 
(fig.  160,  A),  one  formed  of  lines  radiating  inskct,  .stained  with  (jom) 
from  the  centre  of  the  fibre  in  others.    The   '"'^.^^f  mkth<.,>. 

.       .  «■   line   formed    l).v   momln-aiies  of 

IlUCloi,  with  some  inclosing  protoplasm  lie  K''a>ise;  S.E.,  dark  slripe  formed 

,         •  1  1,       n    1        1                               '      '  l).v  sarcoiis  elements.   Tlie  sarcopliufin 

in  the  middle  01  the  fibre  ffiw    1,59^  tli"  appearance  of  lonL'ilndinal 

^  "          '  lines. 
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Wing-muscles  of  insects. — The  wing  muscles  of  insects  are  easih' 
broken  up  into  fibrils  (sarcostyles),  which  also  show  alternate  dark  and 
light  sti'iaj  (fig.  1G2). 

The  sarcostyles  are  subdivided  at  regular  intervals  by  thin  trans- 
verse disks  {membranes  of  Kmuse)  into  successive  portions,  which  aro 
termed  mrcomereti.  Each  sarcomere  is  occupied  hy  a  portion  of  the 
dark  stria  of  the  whole  fibre  [mrcoii,s  element) ;  tlie  sai-cous  element  is 
really  double,  and  in  tlie  stretched  fibril  separates  into  two  at  the  line 
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Fti!.  162.— Fibrils  of  the  wino-muscles  of  a  wasp,  preparkd  by  roi.lett's 
METHOD.    Highly'  magnified. 
A,  a  contracted  fibril.    B,  a  stretched  fibril,  with  its  sarcous  elements  scixarated  at.  the 
line  of  Hensen.    C,  an  uncontracted  fibril,  showing  the  porons  structure  of  the 
sarcous  elements. 

of  Hensen  (fig.  162,  b).  At  either  end  of  the  sarcous  element  is  a 
clear  substance  (probably  fluid  or  semi-fluid)  separating  it  from  the 
membrane  of  Krause :  this  clear  substance  is  more  evident  the  more 
the  fibril  is  extended,  but  dirainislies,  even  to  complete  disappearance, 
in  the  contracted  muscle  (fig.  162,  a).  The  cause  of  this  change  is 
explained  when  we  study  more  minutely  the  structure  of  the  sarcous 
element.  For  we  find  that  each  sarcous  element  is  pervaded  with 
longitudinal  canals  or  pores,  which  are  open  in  the  direction  of  Kranse's 
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membranes,  but  closed  at  the  middle  of  the  sarcous  element  (figs.  163, 
1 64).  In  the  contracted  muscle,  the  clear  part  of  the  muscle-substance  has 
nearly  disappeared  from  view,  but  the  sarcous  element  is  swollen  and  the 
.sarcomere  is  thus  shortened  :  in  the  uncontracted  muscle,  on  the  other 
liand,  the  clear  part  occupies  a  consider- 
able interval  between  the  sarcous  element 
and  the  membrane  of  Krause,  the  sarcomere 
being  lengthened  and  narrowed.  This  dif- 
ference is  well  seen  with  certain  methods 
of  staining.  The  sarcous  element  does  not 
lie  free  in  the  middle  of  the  sarcomei-e, 
but  is  attached  at  either  end  to  Krause's 
membrane  by  very  fine  lines,  which  may 
represent  fine  septa,  running  through  the 
clear  .substance  (fig.  164)  ;  on  the  other 
hand,  Krause's  membrane  appears  to  be 
attached  laterally  to  a  fine  membrane 
which  limits  the  fibril  externally. 

The  planes  of  sarcous  elements  set  side 
by  side  in  a  muscle-fibre  form  the  dark 
stripe  (the  so-called  principal  disk)  of  the 
muscle-substance  of  ordinary  muscle-fibres 
(fig.  161).  In  the  wing-mu-scles  of  insects 
the  fibrils  are  surrounded  by  granular 
sarcoplasm,  and  the  whole  fibre  is  therefoi'e  very  indistinctly  cross- 
striated,  although  each  individual  fibril  is  markedly  so  (fig.  162).  As 
already  stated,  the  sarcous  elements  are  remarkable  for  containing  a 
large  proportion  of  potassium  salts  (fig.  165). 


Fill.  163. — ISOLATEP  SARCorS 
ELEMENTS  OF  A  WINC-MrSfT.E, 
SnOWINff    TTIE    TUBULAR  (IR 

I'OROiis  .STRUCTURE.  Un- 
touched photograph.  Mag- 
nified 870  diameters. 

At  a  some  are  seen  in  iirofile ;  .at  li 
on  tl\e  Hat.  The  (wo  civculai' 
bodies  are  fat-droiis. 


S.T..< 


Fill.  Ifii. — DiAORAM  OF  A  SARCOMERE  IN  A 
MODKRATELY  EXTENDED  CONDITION,  A, 
AND  IN  A  CONTRACTED  CONDITION,  B. 
K,  K,  meinbraiies  o(  Krause  ;  H,  line  or  plane  of 
llensen  ;  S.E.,  poriferous  sarcous  element. 


Fifi.    165. — LocvJjISation  of 

I'OTASSIUM  IN  SARCOUS  ELE- 
MENTS   OF    WINO-MUSCLE  OF 

HEETLE.    (A.  B.  Maoallum.) 
(I,  resting  ;  b,  contracted. 


Sometimes  in  the  ordinary  (leg)  nui.scles  of  arthropods  what  look  like 
detached  dot-like  jiortiona  of  the  sarcoun  element  arc  seen  witliiii  tlu^  clcai' 
stripes,  lying  iisniilly  near  Krause'.s  nieiubi'ane.    The  rows  of  such  dots  liave 
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been  teniied  accessory  disks.  Most  nuiscles  sliow  no  accessory  disks,  but  the 
sarcoplasmic  enlargements  between  the  fibrils  (lig.  1  aS,  d)  are  often  mistaken 
for  them. 

Muscle  in  polarised  light. — When  muscle  fibres  are  examined  witli 
polarised  light  between  cro.s.sed  nicols,  the  sareous  elements  (which  form 
the  dark  sti  ipe)  ai'e  seen  to  be  doubly  refracting  (anisotropous),  while  the 
clear  sidistance  (forming  the  light  stripe)  is  singly  refracting  (i.sotropous). 
In  contracted  jmrts  of  the  mu.scle  the  (ani.sotropous)  sareous  elements  are 
seen  to  have  increased  in  bulk,  while  the  isotropous  s\ibstance  of  the  clear 
stripe  has  coi'respondingly  diminished  in  amount  (fig.  160,  n). 

Merkel  described  a  I'evei'.sal  of  the  stripes  during  contraction,  i.e.  a 
transference  of  the  anisotropous  substance  of  the  dark  .stripe  from  Hensen's 


A  B 

FlO.    1(56.— LEfi  MUSWJS  FIIIRE  OF  CHRYSOMEI..\  CnJTirLEA  WITH   (FIXEn)  COS- 
THACTION   WAVE  I'HOTOfiRAPHEl)  HNDER  POI.AItlSINd  MlfKOSCOPK.' 
A,  wiHi  uiKTos.sed  nicols  ;  B,  witli  crossed  nicols. 

line  to  Krause's  membrane,  the  ]ilace  of  the  dark  stripes  thus  Ijeconiing 
occupied  by  clear  material,  that  of  the  light  stripes  by  dark.  He  further 
described  this  condition  as  being  preceded  by  an  intermediate  .stage  in  which 
the  fibril  .shows  homogeneity  of  shading.  No  doubt  in  the  ordinary  nuisele- 
Hbres  of  arthio]5ods,  "when"  we  observe  the  .so-called  Mixed'  wave.s  of  con- 
traction, there  is  an  apparent  blurring  of  the  cross-striation  of  the  fibre  just 
where  the  muscle  is  jjassing  from  extension  to  contraction,  but  this  appear- 
ance is  explicable  by  the  inic(pial  i)ull  of  the  contracted  parts  of  the  fibrils 
upon  those  which  are  not  yet  contracted.  The  contraction  m  each  fibre 
starts  from  the  nerve-ending,  which  is  at  one  .side  of  the  fibre,  and  s]ireads 


'  I  am  indebted  to  the  late  Professor  Engelmann  for  these  two  photograplis. 
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fil-Ht  across  tlie  filire  and  then  tonds  to  pass  as  a  wave  towards  oitlior  ond. 
But  tlie  one  side  always  has  a  start  iu  the  progress  of  tliis  wa\-o,  and  the 
Hln'ils  must  thus  receive  an  unequal  pull,  so  that  they  are  sliifted  along  one 
another  and  the  line  of  cross-striping  is  broken  up.  That  no  transference  of 
anisotropotis  substance  really  occurs  is  at  once  clear  from  the  ajipearance 
of  the  conti'acting  (ibi'e  under  polari.sed  light  (Hg.  Klfi,  n),  and  the  stiulv  of 
the  i.solatcd  fibrils  of  wing-nui.scle  gives  no  su])- 
])ort  to  the  theory  of  rever.sal,  although  it  is 
widely  held  by  (iernian  authors.  That  the 
apparent  rever.sal  i.s  not  real  is  also  illustrated 
by  Kg.  167,  which  represents  a  leg  nui.scle  fibre 
of  an  insect  in  proce.ss  of  contraction.  The 
dark  bands  of  the  contraction-wave  are  seen  to 
be  really  due  to  accumulations  of  .sarcoplasm. 
Tlie.se  accumulations  appear  as  dark  lines  which 
ob.scure  the  continuity  of  the  fibrils,  and  by 
contra.st  cause  the  whole  of  the  sarcomeres 
between  them  to  appear  light. 

Mechanism  of  contraction.— Comparing  the 
structure  of  the  .sarcomere  with  that  of  proto- 
])lasm  we  find  in  both  a  framework  (spongio- 
j)lasm,  substance  of  sarcous  element)  which 
incloses  in  its  me.shes  or  pores  a  clear,  probably 
fluid  substance  (hyalopla.sm,  clear  sub.stance  of 
sarcomei'e),  (although  the  difleientiation  into 
spongioplasm  and  hyaloplasm  is  not  evident  in 
all  protoplasm).  In  both  al.so  the  clear  sub- 
stance or  hyaloplasm,  when  the  tissue  is 
subjected  to  stimulation,  pas.ses  into  the  pores 
of  the  porous  substance  or  spongioplasm  (cf)n- 
ti'action),  whilst  in  the  absence  of  such  stimu- 
lation it  tends  to  jmss  out  from  the  spongioplasm 
(formation  of  p.seudopodia,  lesting  condition  of 
luu.scle).  The  ettect  of  stimulation  appears  iu 
both  stiuctures  to  be  the  production  of  a 
change  in  surface  tension  (pcihaps  between  the  hyaloplasm  and  spongio- 
plasm) ;  this  change  being  demonstrably  accompanied  in  nniscle  by  a 
difleience  in  electric  potential.  Tn  all  pi'obability  .sucli  an  electric  change 
occuis  in  all  protoplasm.  Thus  both  the  movenients  of  ccll-pi-otoplasm 
and  those  of  mu.scle  aic  in  all  probability  brought  about  by  like  means, 
although  at  lir.st  sight  the  structure  of  mu.scle  is  di.ssimilar '  fidm  that  of 
protoplasm.  We  have  already  noticed  that  the  movements  of  cilia  arc  suscep- 
tible of  a  somewliat  similai'  explanation. 

Macdonald  ha.s  suggested  that  the  movements  of  fluid  from  one  part  of  the 
sai'comere  to  the  other  is  a  result  of  osmosis,  caused  l)y  the  sudden  .setting 
free  of  electrolytes  (potas.sium  salts)  in  the  substance  of 'the  .saicous  elenien't 
just  pievious  to  the  actual  contraction.' 


Flo.  lt)7.  — W'.W  KOF  COiNTK.AC- 
TION  I'A.SSINf!  OVER  .\  r,K(l- 
Mr.SfLE  FIIiRE  OF  DYTISCl'S. 

(Highly  magnified.) 


_.Sec  his  article  on  tliissuhject  in  the  (Juarf.  ./oiirii.  Kvptr.  Phy.no/.,  vol  ii.  1!)0!), 
p.  5.  MacDougall  had  previously  suggested  that  such  osniosis  might  occur 
between  the  mterior  of  tlie  fibril  and  the  sarcoplasm  outside.  But  there  arc  many 
reasons  against  this  hypothesis,  a  criticism  of  which  will  lie  found  in  the  Omirl 
Joiini.  li.,-pK,:  PhyHioL,  vol.  iii.  1910,  p.  63.  It  is  in  any  case  extremclv  impio"- 
balilc  that  such  rapid  changes  as  occur  in  the  conl  i  action  of  muscle,  would  be  I  he 
result  ol  osmotic  iiioveim-iils. 
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LESSON  XV. 


CONNECTION  OF  MUSCLE  WITH  TENDON;  BLOOD-FESSELS 
OF  MUSCLE;  CARDIAC  MUSCULAR  TISSUE ;  DEVELOP- 
MENT OF  MUSCLE ;  PLAIN  MUSCULAR  TISSUE. 

1.  To  study  the  connection  of  muscle  with  tendon,  a  frog  is  killed  l)y  destruc- 
tion of  tlie'ln-ain  and  spinal  cord,  and  placed  in  about  a  litre  of  water  i-aised 
to  a  teni]jerature  of  55°  0.  It  is  left  in  this  for  15  minutes,  the  water 
o-vadually  cooling.  It  is  then  easy  to  dissociate  the  nuiscular  filires  in  large 
numliers.  To  observe  their  attachment  to  the  tendon-bundles  a  line  longi- 
tudinal shred  must  be  snipped  oft'  with  scissors  at  the  tendinous  attachment, 
and  dissociated  upon  a  slide  in  a  drop  of  water.  It  will  usually  be  found 
that  the  muscular  sidistance  is  retracted  from  the  end  of  the  sarcolemma 
tube,  which  is  firmly  cemented  to  the  tendon-bundle.  The  structure  may  be 
lirought  more  distinctly  into  view  by  adding  to  the  dissociated  fibres  a  drop 
of  a  weak  solution  of  iodine  in  .salt  solution  or  in  serum  (iodised  serum).' 

■2.  The  blood-vessels  of  muscle.  These  are  studied  in  longitudinal  and 
transverse  sections  or  in  flattened-out  pieces  of  injected  muscle.  It  will  be 
noticed  that  the  capillaries  are  very  numerous,  and  form  a  network  with 
oblong  meshes.  In  the  red  nuiscles"  of  the  rabbit,  small  dilatations  are  seen 
on  the  transverse  cords  of  the  netwoi'k. 

3.  The  muscular  tissue  of  the  heart  is  studied  in  sections  of  that  oi-gan 
(see  Lesson  XXVII.)  and  also  in  teased  preparations.  To  prepare  the  latter, 
place  a  small  piece  of  heart-muscle  in  33  per  cent,  alcohol  for  a  fey,'  days  ; 
stain  in  picro-carmine  solution  for  some  hours  or  days  ;  and  tease  m  dilute 
glycerine. 

4.  Tear  off  a  small  shred  of  the  circular  muscular  coat  of  a  piece  of  dog's 
or  cat's  intestine  which  has  been  for  48  hours  or  more  in  ^  per  cent, 
bichromate  of  potash  solution  or  in  33  per  cent,  alcohol.  Hold  the  shred  with 
forceps  in  a  drop  of  water  on  the  slide  and  fray  it  out  with  a  needle.  In  tliis 
process  many  cells  will  be  set  free  and  can  be  found  with  a  low  power.  The 
preparation  "mav  then  be  covered  and  examined  with  a  high  power.  Sketch 
one  of  the  cells."  Then  allow  very  dilute  lia>matoxylin  solution  to  pass  under 
the  cover-glass  and  lastlv  a  drop  of  glycerine.  Sketch  another  cell  after 
staining.  Measure  two  or  three  cells  and  their  nuclei.  Sections  ot 
involuntary  muscle  will  be  seen  and  can  be  studied  along  with  the  viscera 
which  possess  muscular  coats. 

Ending  of  muscle  in  tendon.— A  small  tendon-bundle  passes  to 
each  muscular  fibre  and  becomes  firmly  united  with  the  sarcolemma 
which  extends  over  the  end  of  the  fibre  (fig.  168).    Besides  this 

1  This  method  is  the  one  given  by  EUnvier  {Traill  Technique,  p.  39.5).  The 
muscle-endings  may  also  sometimes  he  well  .seen  at  the  extremities  of  the 
tendoils  whip^i  arc  removed  from  the  mouse's  tail  in  the  manner  desenhed  m 
Lesson  X. 


BLOOD-VESSELS  OF  MUSCLE. 


immediate  attacliment,  a  further  connection  is  established  by  the 
fact  that  the  areolar  tissue  between  the  tendon-bundles  is  continuous 
with  that  which  lies  between  the  muscular  iibres. 

Blood-vessels  of  muscle.-  -The  capillaries  of  muscular  tissue  are 
verj'^  numerous.  They  run,  for  the  most  part,  longitudinally,  with 
transver.se  branches,  so  .as  to  form  long  oblong  me.shes  (fig.  169). 
No  blood-vessels  evei'  penetrate  the  sarcolemma.    In  the  red  mu.scles 


po-ssinp  ovpr  the  end  of  the  fibre;  p,  MI'SCIJO. 
uxtreniit.v   of   muscular   sul)stance ;  c, 
retracted  from  the  lower  end  of  the 
sarcolenima-tube ;    t,    a  tendon-bundle 
jia-ssint;     be  fixed  to  the  sarcolemma. 


of  the  rabbit,  the  transverse  capillaries  have  small  dilatations  upon 
them  (fig.  170).  Associated  with  this  and  other  peculiarities  of 
structure  (see  p.  133),  it  is  found  that  the  red  muscles  have  a  much 
slower  rate  of  contraction,  and  a  much  longer  period  of  latency  than 
the  ordinary  muscles. 

Lymph-vessels,  although  present  in  the  connective-tissue  sheath 
(p(M-imysium)  of  a  muscle,  do  not  penetrate  between  the  component 
fibres. 
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The  motor  nerves  of  voluntary  muscles  pierce  the  sarcolerama 

and  terminate  in  ramified  expansions  known  as  end-plates  or  motor 
eiid-oryuns  ;  the  xensorij  'nerves  end  in  groups  of  specially  modified  muscle 
fibres  known  as  muscle  spindles  (see  Lesson  XIX.). 

Development. — Voluntary  muscular  fibres  are  developed  from  em- 
bryonic cells  of  the  mesoderm  (muscle-plate),  which  become  elongated, 
and  the  nuclei  of  which  become  multiplied,  so  as  to  produce  long 
slender,  multi-nucleated  fusiform  or  cylindrical  embryonic  fibres.  It 
is  not  quite  clear  whether,  as  has  usually  been  supposed,  the  whole 
fibre  is  thus  formed  of  a  single  enlarged  cell,  or  whetlier  it  may  be 


Ftc.  170.— Vascular  network  ok  a  rep  Mrsfii.n  (SEMi-TENMNOsrs)  of  tue 

RABBIT.    ( Ran\-ier. ) 
a,  arteriole  ;  i>,  v,  veiniles  ;  n,  dilatation  on  transverse  branoh  of  capillaries. 

produced  by  the  joining  together  end  to  end  of  a  number  of  cells  of  the 
muscle-plate  (or  even  of  more  than  one  muscle-plate),  so  as  to  produce 
a  syncytium,  within  which  the  striated  fibrils  make  their  appearance. 
These  appear  at  first  along  one  side  of  the  fibre,  the  change  gradually 
extending  around  the  circumference  and  also  penetrating  towards  the 
centre ;  but  the  protoplasm  at  the  middle  of  the  fibre,  to  which  the 
nuclei  are  presently  confined,  and  at  the  side  opposite  to  that  at  whicli 
the  differentiation  began,  remains  for  some  time  unaltered  in  cliaracter 
(fig.  171).  Eventually  the  change  in  structure  extends  to  tliese  parts 
als"o,  and  the  nuclei  pass  gradually  to  occupy  their  ordinary  position 
under  the  sarcolemma,  which  has  by  this  time  become  formed.  The 
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sarcolemma  is  believed  to  be  produced,  nob  by  the  inu.scle-fibre  itself, 
but  by  the  mesenchyme  or  connective-tissue  cells  between  the  fibres, 
since  it  is  directly  continuous  with  the  connective-tissue  bundles 
of  the  tendon  and  of  the  interstitial  tissue. 


B 


1^ 


W 


Fill.  17L — 1)evki,()1'in( 


Ml'SCl'LAK  KlUKKS. 

A,  eloiiirntefl  cell  with  two  miL-lei.    A  strialion  is  bejriniiiiitr  in  tlio  iiroloiilasiii  aloiiir  one 
side  of  the  cell ;  from  fretal  sheep.    (Wilson  Kox.)  *' 


ith  several 
ar  siilistan(-'e 


B,  from  human  fcetiis  nf  two  months.    (Itaiivier.)  j),  central  jirotojilasm  \vi 

nuclei,  71,  scattered  in  it ;  s,  connnenciiif;  sarcolennua,  with  striated  museulai 
develojiint,'  immediately  lieneath  it. 

C,  from  human  fictus  of  three  months.    (Kanvier.)   The  contractile  snhstance,  s  f  now 

almost  incloses  the  unaltered  iirotoplasni,  ;/ ;  only  one  nucleus,  H,  is  represented.  ' 

CARDIAC  MUSCLE. 
The  muscular  substance  of  the  heart  is  composed  of  transversely 
striated  muscular  fibres,  which  diifer  from  those  of  voluntary  muscle 
in  the  following  particulars,  viz.  :— their  striations  are  less  distinct ; 
they  have  no  sarcolemma,  although  there  is  a  thin  superficial 
layer  of  non-fibrillat«d  substance;   they  branch  and  unite  by  their 
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bninches  and  also  at  the  side  with  ueighbouring  fibres,  and  their 
nuclei  lie  in  the  substance  and  often  near  the  centre  of  the  fibres. 
In  man  and  many  mammals  the  fibres  are  marked  off  into  a  series  of 
short  cylindrical  cells  (figs.  172,  173)  joined  together  end  to  end  and 
side  to  side,  each  corresponding  to  one  of  the  nuclei.  The  junctions  of 
these  cells  may  be  seen  in  longitudinal  sections  appropriately  stained ; 
they  come  also  distinctly  into  view  in  sections  of  the  fresh  tissue 
stained  with  nitrate  of  silver.  They  appear  to  be  bridged  across  by  fine 
fibrils,  continued  into  the  cells  above  and  below  the  lines  of  junction 
(figs.  174,  175).    These  lines  have  usually  been  regarded  as  intercellular 


FlU.  172. — MuSCUL.Ail  FIBRES  FROM 
THE  HEART,  MAGNIFIED,  SHOWING 
THEIR  CR0SS-STRI,3i,  DIVISIONS,  AND 

JUNCTIONS.    (Scliweigger-Seidel. ) 

The  nuclei  and  cell-junctions  are  only  repre- 
sented on  the  right-hand  side  of  the  figure. 


Fig.  173. — Six  muscular  fibke-ceuls 
FROM  THE  HEART.  Magnified  425 
dicvmeters. 

n,  line  of  junction  lietween  two  cells;  6,  c, 
branching  of  cells.  (I'^oni  a  drawing  by 
J.  E.  Neale.) 


spaces  separating  the  constituent  cells  of  the  ti.'ssue  from  one  another 
(Schweigger-Seidel).  Some  authorities  (Przewosky,  v.  Ebuer,  M. 
Heidenhain)  are  inclined  to  regard  the  cardiac  muscular  tissue  as 
forming  a  syncytium,  the  cells  being  all  continuous  both  laterally  and 
longitudinally,  and  the  apparent  intercellular  lines  being  special 
differentiations.  These,  according  to  v.  Ebner,  are  due  to  localised 
contractions,  but,  according  to  Heidenhain,  represent  portions  of  the 
fibres  at  which  growth  in  length  occurs  (analogous  to  the  suture-lines 
between  the  flat  bones  of  the  cranium).  As  against  this  view  of  the 
structure  of  the  heart-muscle,  and  in  favour  of  that  of  Schweigger- 
Seidel,  must  be  set  the  silver-staining  of  the  supposed  cell-junctions, 
and  the  fact  that  it  is  easily  possible  in  some  animals  to  separate  the 
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fibres  after  maceration  into  short  uninucleated  fragments  as  in  fig.  173. 
Sdiweigger-kseidel's  view  ha.s  been  recently  ujjheld  by  the  observations 
of  V.  Palc2ewska  and  Werner,  wiio  have  studied  the  subject  in  the 
lieart  of  man  and  of  various  mammals.  These  observers  point  out,  as 
iiad  been  previously  done  in  the  last  edition  of  this  work,  that  the 
sliort  uou-nucleated  lengths  of  fibres  (fig.  174),  which  Heidenhain 
regards  as  fatal  to  the  cellular  theorj^  ma}'  be  parts  of  cells  lying 


in  other  planes  of  the  myocardium,  which  ar-e  inserted  between  those 
belonging  to  the  plane  included  in  the  longitudinal  .section.  On 
the  other  hand,  the  continuity  of  the  muscular  fibrils  within  the 
ma.sses  of  Purkinje's  fibres  under  the  endocardium  in  the  sheep,  the 
fibrils  around  one  cell  being  freely  continued  around  the  neighbouring 
cells  (see  fig.  361,  p.  288),  is  in  favour  of  the  syncytial  theory" 
Further,  in  many  vertebrates,  including  some  mammals,  no  cell- 
territories  can  be  made  out  in  the  myocardium. 

The  explanation  of  these  differences  appears  to  lie  in  the  fact  that 
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in  all  liuiu  t-miisch;  at  a  certain  periud  of  development  (fig.  176)  tlie 
cells  fonu  a  .syncytium  within  which  the  contractile  fibrils  are 
developed,  and  only  in  mammals  is  a  differentiation  of  the  syncytium 
into  cells  produced  ;  the  lines  of  junction  being  even  here  bridged 
across  by  the  musule-fibrils. 


Fl(!.  1/0.— POKTION  OF  CAUDIAC  MUSCLK       Fl(!.     1 7U. —SECTION     KlUI.M     UEAKT  OF 
KXUlBITimi    CONTINUITY    OF    FltiRILS  FIVE  MONTHS'  KMBKVO,  HUMAN.  (Ci. 

.vuRoss   jUNCTiONAi^    LINE.     (Prze-        Maiin. ) 
wosky. )    Highly  niaguified. 

Although  it  is  usually  stated  that  tliei  c  is  no  .sarcoleiuuia  in  cardiac  iiuiscle 
libre.s,  v.  Palczewska  aud  Werner  describe  and  figure  a  uieudjraue  covering 
the  cardiac  cells  which  they  regaid  as  e(lui^•aleut  to  the  .sareolenuua  of 
voluutai'V  muscle. 


NON-STUIATED,  SMOOTH   OH   PlAIN  MuSCLE. 

Involuntary  or  plain  muscular  tissue  is  composed  of  long,  soiuewhat 
fattened,  fusiform  cells  (figs.  177,  178),  which  vary  much  in  length. 
Each  cell  has  an  oval  or  rod-.shaped  nucleus,  which  shows  the  usual 
intranuclear  network  and  commonly  one  or  two  nucleoli.  There  is  a 
centriole— sometimes  double— clo.se  to  the  nucleus  (fig.  179).  The  cell- 
substance  is  finely  fibrillated,  but  does  not  exhibit  cross-strise  like  those 
of  voluntary  muscle.  There  appears,  as  in  cardiac  mu.scle,  to  be  a 
delicate  non-striated  external  layer,  probably  a  stratum  of  undiflTeren- 
tiated  protoplasm,  but  not  a  true  sarcolemma.  Next  to  this,  in  .some 
smooth  muscle,  is  a  layer  containing  coarser  fibrils  (boundary  fibrds 
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of  M.  Heidenliain)  (fig.  178).  Frequently  there  are  seen  on  involuntary 
fibres  a  series  of  somewhat  iri-egularly  placed  transverse  markings 
which  appear  as  knot-like  condensations  of  the  cell-substance  (figs. 
178,  180)  staining  somewhat  differently  from  the  rest  of  the  cell. 
The  nature  of  these  is  not  well  understood,  but  they  ai-e  perhaps 


Fr<;.  177. 


Pio.  178. 


Fifi.  17fl. 


Ft(j.  177. — MrscuLAR  fibre-cell  from  the  muscular  coat 

OF  THE  small  INTESTTNE,   HKiHLY  MAONIFIED. 
A  complete  cell,  showiiip  tlie  nucleus  with  iutra-nuclear  network,  and 
the  lonK-itnclnml  fihrillation  of  the  cell-suhstance. 

Fio.   178. — Portion  of  a  plain  muscle-cell,  siiowino 
FIBRILS  WITHIN  ITS  CYTOPLASM.    Magnified  450  (liamet  era. 

Fio.  179. — Plain  muscle  fibre,  siiowino  nucleus,  cen- 
triole,  and  cytoplasm  WITH  FIBRILS.    (Lonhossc'k. ) 


fixed  contraction  waves  (C.  M'Gill) ;  the  fibrils  are  enlarged  as  they 
run  through  the  knots.  There  is  a  little  intercellular  substance 
which  can  be  stained  by  nitrate  of  silver,  and  which  is  bridged  across 
by  filaments  passing  from  cell  to  cell  (fig.  181).  Some  authorities, 
however,  deny  that  the  involuntary  cells  are  thus  connected,  and  hold 
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that  the  appearance,  of  bridging  fibres  is  due  to  intercellular  connective 
tissue.  It  is  however  difficult  to  understand  how  the  contractions  are 
propagated  from  coll  to  cell  if  there  is  no  sort  of  continuity  between 
the  cells. 

Plain  muscular  tissue  is  found  chiefly  in  the  walls  of  hollow  viscera ; 
thus  it  forms  the  muscular  coat  of  the  stomach  and  int^.stines,  and 
occurs  abundantly  in  the  muscular  coat  of  the  gullet,  although  it  is 
here  intermixed  with  cross-striated  nmscle ;  it  is  found  also  in  the 


FlO.  180. — FlBKE-CELI.  FROM  IN- 
TESTINE, SHOWING  KNOT-LIKE 
CONDENSATIONS     OF  CELI.-SUB- 

STANCE.    (Griitzner. ) 


Fifl.  18L— MrSCLE  CET.T.SOF  INTES- 
TINE. (Szyraonowicz. )  Magni- 
fied 530  diameters. 

The  fibres  are  represented  in  longitudinal 
section;  and  the  interstices  between 
them  are  seen  to  be  bridged  across  by 
fine  fibrils,    i,  interstice  ;  n,  nucleus. 


mucous  membrane  of  the  whole  alimentary  canal  from  the  esophagus 
downwards  ;  in  the  trachea  and  its  ramifications ;  in  the  urinary  bladder 
and  ureters ;  in  the  uterus  and  Fallopian  tubes ;  in  the  prostate ;  the 
spleen  and  lymphatic  glands ;  the  muscle  of  MiiUer  in  the  orbit,  and 
in  the  ciliary  muscle  and  iris.  The  walls  of  gland-ducts  also  contain 
it ;  and  the  middle  coat  of  the  arteries,  veins,  and  lymphatics  is 
largely  composed  of  this  tissue.  It  occurs  in  the  skin,  both  in  the 
secreting  parts  of  the  sweat  glands,  and  in  small  bundles  attached 
to  the  hair-follicles  ;  in  the  scrotum  it  is  found  abundantly  in  the 
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subcutaneous  tissue  (dartos),  and  it  also  occurs  in  the  ai'cola  of  tlie 
nipple. 

Development.— According  to  the  observations  of  C.  M'Gill,  the 
smooth  musole  of  the  alimentar}'  canal  (pig)  is  developed  from  the 
.syncytium  of  mesenchyjiie  cells  which  surrounds  the  entoderm. 
Some  of  these  cells  become  elongated  and  spindle-shaped  while 
retaining  their  inter-connection.  Myofibrils  are  developed  in  their 
pi-otoplasm.  These  are  not  confined  to  the  limits  of  a  single  cell,  but 
extend  over  two  or  even  a  large  number  of  cells.  The  myofibrils  are 
of  two  kinds,  coarse  and  fine,  varying  in  relative  number  in  difierent 
parts.  According  to  M'Gill,  the  inter-connection  of  the  cells  is  seen 
even  in  the  fully  formed  muscle,  which  retains  its  syncytial  charactei', 
its  cells  being  incompletely  separated. 

In  certain  situations  smooth  muscle  is  formed  from  epithelium,  as 
with  the  muscular  tissue  of  the  sweat  glands  (Banvier)  and  that  of 
the  iris  (Nussbaum,  Szili). 
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LESSON  XVI. 
STRUCTURE  OF  NERVE-FIBRES. 

I.  Tha.se  a  ]3iece  of  fresli  nerve  rapidly  in  salt  .solution  (or  by  the  method  of 
seniide.siccation,  keejnug  the  preparation  moist  by  the  breatli,  afterward.s 
mounting  in  salt  .sohition).  Touch  the  fibres  as  little  and  obtain  them  as 
long  and  straight  as  possible.  Study  the  meduUated  fibres,  cjn'cfully 
noticing  all  the  structures  that  are  visible — viz.,  nodes  of  Eanvier,  nucleus 
of  neurolemma,  double  contour  of  medullary  sheath,  medullary  .segments, 
etc.  Measure  the  diameter  of  si.x  fibres.  Draw  a  short  length  of  a  fibre 
very  exactly. 

2.  Prepare  a  piece  of  sympathetic  nerve  in  the  same  waj'.  The  nerves 
passing  to  the  spleen  are  well  adajoted  for  the  study  of  non-medullated 
fibi'es.  They  are  also  found  amongst  the  medullated  fibres  of  the  ordinary 
nei'ves.    The  nuclei  may  be  stained  by  gentian  violet. 

3.  Separate  (in  dilute  glycerine)  into  its  fibres  a  small  j)ieee  of  nerve  (or 
nerve-root)  that  has  been  twenty-foui'  hours  in  1  per  cent,  osmic  acid.  The 
nerve  should  have  been  moderately  stretched  on  a  joiece  of  cork  by  means  of 
glass  pins  before  being  placed  in  the  acid.  Keep  the  fibres  as  straight  as 
possible  and  only  touch  them  near  their  ends  with  the  needles.  Sketch  two 
portions  of  a  fibre  under  a  high  powei',  one  showing  the  node  of  EanA-ier  and 
the  other  a  nucleus  of  the  primitive  sheath.  Look  foi'  pale  fibres.  Measure 
the  length  of  a  nerve  segment  between  two  nodes  of  Eanvier. 

4.  Mount  in  xylol  balsam  or  dammar  sections  of  a  nerve  which  has  been 
hardened  in  picric  acid  and  alcohol,  or  fixed  with  osmic  acid  and  hardened 
in  alcohol.  The  sections  may  be  stained  with  picro-carmine  or  hiematoxylin. 
The  nerve  should  be  pinned  out  straight  upon  a  cork  with  glass  pins  before 
being  placed  in  the  hardening  solution.  Examine  the  sections  first  with  a 
low  and  afterwards  with  a  high'  power.  Notice  the  lamellar  structure  of  tlie 
perineurium,  the  varying  size  of  the  nerve-fibres,  the  axis  cylinder  in  the 
centre  of  each  fibre,  etc.  Measure  the  diameter  of  six  fibres.  Sketch  a 
small  portion  of  the  section. 

5.  Study  sections  of  splenic  nerve  placed  as  soon  as  possible  after  death 
in  Flemming's  solution. 

G.  Teased  preparations  and  longitudinal  sections  from  nerves  which 
have  been  cut  nearer  the  spinal  cord.  The  nerves  should  be  prejiared 
with  osmic  acid  as  in  §  3.  Notice  the  bi'eaking  up  of  the  myelin  of  the 
medullary  .sheath,  varying  in  degree  according  to  the  length  of  tinu- 
the  section  has  been  made  previovisly.  In  preparations  from  the  central  cut 
end  of  the  nerve  prepaied  by  Cajal's  reduced  silver  method'  new  fibres  may 
be  seen  budding  from  the  extreiiiities  of  the  fibres  of  the  .stump. 


Nerve-fibres  are  of  two  kinds,  medullated  and  non-medullated.  The 
rebro-spinal  nerves  and  the  white  matter  of  the  nerve-centres  are 

'  See  Appendix. 
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composed  of  medullated  fibres;  the  sympathetic  nerves  near  their 
peripheral  distribution  are  largely  made  up  of  non-medullated  fibres. 


Fk;.  182. — WlUTK  UK  MKDULLATED 
NEKVE-l'IBKES,  SIIOWINi:  THE  SINU- 
OUS OUTLINE  AJfl)  DOUBLE  COKTOUKS. 

(Sharpey. ) 


A 


Fk;.  183. — I'ouTiUiNs  or  two  nekve- 

FIBEES  STAINED  WITH   OSMIC  ACID, 

FKOM  A  YOUNO  ANIMAL.  Diagram- 
matic.   (J.  E.  Neale. ) 

li,  R,  conslrictioiis  of  Kaiiviur,  with  axis- 
cylinder  i)a»siii(r  tliroufh.  n,  iieurok-inma 
of  the  nerve ;  c,  o])i)osite  the  middle  of  the 
sejrinent,  indicates  the  nucleus  and  proto- 
plasm lyintf  hetween  the  neurolennna  and 
the  medullar^'  sheath.  In  .'V  the  nodes  are 
wider,  and  the  intersegmental  suhstanue 
more  apparent  than  in  B. 


m 

J 

'i 


Fig.  183. 


The  medullated  or  white  fibres  are  characterised,  as  their  name 
implies,  by  the  presence  of  the  so-called  medullary  xheath  or  ivhile 
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s^iibstance.  This  is  a  layer  of  soft  substance,  pliysically  of  a  fatty 
nature,  which  encircles  the  essential  part  of  a  nerve  fibre,  viz.,  the 
axis-cylinder.  Outside  the  medullary  sheath  is  a  delicate  but  tough 
homogeneous  membrane,  the  primitive  sheath  or  nncfea/.ed  sheath  of 


Fic  184. — A  SM.-viL  PART  OF  A  MEDUL-  Fill.  185. — Meduiaateu  sekve- 
LATED  FiBKE.  Photograph.  Mag-  fibre,  fresh,  SHO^\^SG  a  noue 
nified  600  diameters.  of  ranvier.  Photograph.  Mag- 

The  fibre  looks  in  optical  section  like  a         nified  600  diameters, 
tube— hence  the  term  tubular  formerly      The  coaijulation  of  the  substance  of  the 
applied   to  these   fibres.     Three    partial  mertullarv  sheath  is  advanced,  and  the 

breaches  of  continuity  (medullarj-  clefts)  axis-cvliiider  is  slit.'lith-  shrunken  awa\ 
are  seen  m  the  medullary  sheath,  which         {j.^,,,  u  reJirtered  dislincth 

at  tliese  places  exliibits  a  tendency  visible, 
to  split  into  lamina:.  Elsewhere  the 
medullary  sheath  shows  coasjulation- 
appearances.  At  n,  is  a  nucleus  belonging 
to  the  neurolcmnia,  embedded  in  proto- 
plasm, but  the  outline  of  the  nucleus 
itself  is  not  focussed. 

Schioann,  but  this  is  not  present  in  all  medullated  fibras,  being  absent 
in  those  which  are  within  the  nerve-centres.  The  primitive  sheath  is 
known  as  the  neurolemma} 

The  medullary  sheath  is  composed  of  a  highly  refracting  fatty  material 
1  Often  termed  "  neurilemma,"  a  name  formerly  applied  to  the  sheath  of  Henle 


(see  p.  156). 
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(myelin),  which  gives  a  characteristic  dark  contour  and  tubularappearance 
to  the  nerve-fibres  (figs.  182,  184).    It  affords  a  continuous  investment 


Fig.  186. — Nkkve-fibke  i'rep.vred  with  osmic  .\cid.  Photograph. 
A  constriction  of  Ranvier  is  seen  on  tlie  right.    Tlie  interv  als  lietwccn  tlie 
medullary  segments  appear  as  clear  oblii|Vie  lines. 

to  the  axis-cylinder,  except  that,  as  was  shown  by  Ranvier,  in  the  peri- 
pheral nerve-fibres  it  is  interrupted  at  regular  intervals.  At  these  places 
the  neurolemma  appears  to  produce  a  constric- 
tion in  the  nerve-fibre,  and  the  interruptions  of 
the  medullary  sheath  are  accordingly  known  as 
the  constrictions  (Ranvier)  or  «oc?es (figs.  183, 186), 
the  latter  term  being  applied  from  the  resemblance 
which  they  bear  to  the  nodes  of  a  bamboo.  It  is, 
however,  uncertain  whether  the  constriction  is 
entirely  occupied  by  the  neurolemma  itself  or 
partly  by  a  special  band  (constricting  band  of 
Ranviei')  of  a  matei'ial  which  resembles  inter- 
cellular substance  in  its  reaction  to  nitrate  of 
silver  (fig.  196).  The  length  of  nerve  between 
two  successive  nodes  is  termed  an  internode  ;  in 
the  middle  of  each  internode  is  one  of  the  nuclei 
of  the  neurolemma.  Besides  these  interruptions 
the  medullary  sheath  shows  a  variable  number  of 
oblique  clefts  (Schmidt)  (figs.  184,  186),  sub- 
dividing it  into  irregular  portions,  which  liave 
been  termed  meduUdry  segments;  but  there  is 
reason  to  believe  that  the  clefts  are  artificially 
produced.  At  the  clefts  thei'e  is  an  appear- 
ance of  spiral  fibres  in  the  medullary  sheath, 
especially  after  treatment  of  the  nerve  with 
certain  reagents  (Golgi) ;  it  is,  however,  prob- 
able that  this  appearance  also  does  not  re- 
present a  pre  existing  structure.  A  reticular 
appearance  has  also  been  noticed  in  the  medullary 
sheath  {neurokeratin  yietworkoi  Kiihne,  fig.  187), 


1 


 If 


Fio.  187. — Retic:ulum 

OF  NEUKOKEKATIN  IN 
MEDULL.VRY  SHEATH 
OF  NEm^E-FIBRE. 

Photograph.  Magnified 
600  diameters. 
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and  can  be  readily  seen  in  nerve-fibres  fixed  in  alcohol  and  treated 
with  ether,  but  it  varies  greatly  in  aspect,  and  is  perhaps  produced 
by  the  action  of  the  reagents  employed  to  show  it.    By  other  modes 


Fii:.  188.  —  LoNi;rri'i>iNAi.  .\Nu  tkansvekse  section  of  medlelated  xekve- 
FiBKE  OF  FKoij  (osMic  ACID  AND  AuiD  fuchsine).    (After  Biedermaiin. ) 

The  loiitcitudiiial  section  shows  one  node  of  Kanvier  and  two  niedullar\  clefts.  The 
fibrillar  structure  of  the  axis-cylinder  is  shown  in  both  longitudinal  and  transverse 
section. 

of  fixation  {e.g.  picric  acid)  the  medullary  sheath  seems  to  have  a 
rod-like  structure  (fig.  189);  this  again  may  be  due  to  the  manner 
in  which  certain  of  its  constituents  are  coagulated  by  the  reagent, 
Osmic  acid  stains  the  medullary  sheath  black  (figs.  186,  188). 

The  (ixin-ci/lhider,  which  runs  along  the  middle  of  the  nerve-fibre,  is 
a  soft  transparent  thread  which  is  continuous  from  end  to  end  of  the 
nerve.  On  account  of  the  peculiar  refractive  nature  of  the  medullary 
sheath  it  is  ditiicult  to  see  the  axis-cylinder  in  the  fresh  nerve  except  at 
the  nodes,  where  it  may  be  observed  stretching  across  the  interruptions 
in  the  medullary  sheath ;  it  may  also  sometimes  be  seen  projecting 

from  a  broken  end  of  a  nerve  fibre. 
It  is  longitudinally  striated,  being 
made  up  of  exceedingly  fine  fibrils 
(neuru-Jibrils,  fig.  188).  They  are 
readily  seen  at  the  terminations  of 
nerves  as  in  the  cornea  and  are  also 
visible  in  the  section  of  a  nerve 
fibre  as  fine  dots  (fig.  188),  which 
sometimes  appear  to  have  a  clear 
centi-e  (fig.  189),  as  if  the  fibrils 
were  tubular.  Staining  with  nitrate 
of  silver  produces  a  curious  trans- 
versely striated  appearance  in  the 
axis-cylinder  (Fromraann)  (fig.  196, 
c),  but  this  is  due  to  the  precipitation 
of  chlorides,  and  does  not  indicate  a 
pre-existing  structure  (Macallura). 
Medullated  nerve-fibres  vary  greatly  in  size  (fig.  190),  but  may  be 
classified  as  Irmje,  intermediate,  and  small.  The  largest  are  those  which 
are  passing  to  the  skin  and  to  the  voluntary  muscles ;  the  smallest  are 


NER\Ti-FiBRES.  Magnified  1000 
diameters. 

The  nerve  wai>  hardened  in  picric  acid  and 
stained  with  picro-carnrine.  The  radial 
striation  of  the  nieduUarv  sheath  is  \er.v 
apparent.  In  one  fibre  the  rays  are  broken 
by  shrinkage  of  the  axis-cylinder.  The 
fibrils  of  the  axis-cylinder  appear  tubular. 
(From  a  photograi)h.) 
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those  which  are  distributed  to  the  viscera  and  blood-vessels  by  way  of 
the  autonomic  nerves.'  As  shown  by  Gaskell,  the  anterior  roots  of  the 
last  one  or  two  cervical  nerves,  of  all  the  thoracic,  of  the  first  and 
second  lumbar,  and  of  the  second  and  third  sacral  nerves  contain 


Fii:.  190. — Section  ok  the  sciatic  nekve  of  lat,  showinc  the  vakia- 
TioNS  i.\  SIZE  OK  ITS  cOiNSTiTUENT  FIBRES.  Photograph.  Magnified 
300  diameters.    Tlie  nerve  was  K.xed  with  osmic  acid. 

besides  the  ordinary  large  medullated  fibres  a  bundle  of  very  small 
uiedullated  fibres  which  are  destined  for  the  viscera  and  blood-vessels, 
and  which  for  the  most  part  pass  to  the  sympathetic  system.  The  roots 
of  some  of  the  cranial  nerves  (the  spinal  accessory,  vagus,  glosso- 
pharyngeal, and  facial)  contain  similar  fine  medullated  fibres. 


Via.  191.— No.N-.MEui  j.LATKi)  NEKVE-FMiuES.    Magnified  400  diameters. 

Non-medullated  fibres.— Intermingled  with  the  medullated  fibres 

there  may  always,  even  in  the  cerebro-spinal  nerves,  be  found  a  certain 

'  This  terra  has  been  introduced  by  Langley  to  iiichide  both  the  nerves  of 
the  sympathetic  system  and  also  the  analogous  nerves  wliich  proceed  from  the 
cranial  and  sacral  regions  for  the  innervation  of  certain  involuntary  muscles 
and  secreting  glands. 
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number  of  pale  fibres  devoid  of  the  distinct  double  contour  which  is 
characteristic  of  the  presence  of  a  medullar}'  sheath.  These  ai-e  the 
grey  or  iioH-medullated  fibres,  also  called,  after  their  discoverer,  Jibres  <if 

Remak  (fig.  191).  They  frequently  branch, 
which  the  medullated  fibres  rarely  do  except 
near  their  termination,  and  they  are  beset  with 
numerous  nuclei  which  have  usually  been  re- 
garded as  belonging  to  a  delicate  sheath, 
although,  as  a  matter  of  fact,  both  in  longi- 
tudinal view  and  in  cross  section  the  nuclei 
appear  to  lie  in  the  substance  of  the  fibres. 
Fki.  192.— Section  across  -^^he  sympathetic  nerves,  as  they  approach  their 

NON-MEUULLATED  FIBRES  J      r  i 

FROM  THE  SPLENIC  NERVE  peripheral  distribution,  are  largely  made  up  of 
OF  THE  ox.  (Tucketfc. )     fji^^.gg     ^Yri&  nature,  but  the  pre-ganglionic  fibres 

of  the  sympathetic  possess  a  thin  medullary  sheath,  and  have  the  usual 

structure  of  medullated  fibres. 


Fli;.    IW.— SKCTtON  OF  I'AKT  OF  SCIATIC  NERVE  OF  MAN.     ( L'linlngliipll. ) 

Magnified  60  dianietor.s. 

Tlnee  funiculi  are  sliown.    The  fat-eells  in  tlie  epineurium  .appear  .is  elear  spacer.  Rloort- 
vessels  are  also  seen  in  tlie  epineurium. 

Structure  of  the  nerve-trunks.— In  their  course  through  the  body  the 
nerve-fibres  are  gathered  up  into  buiidlen  or  funiculi,  and  the  funiculi 
ai-e  again  united  together  to  form  the  nerves  which  we  meet  with  in 
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dissection.  Tlie  connective  tissue  wliicli  unite.s  the  funiculi  and  invests 
the  whole  nerve,  connecting  it  to  neighbouring  parts  and  conveying  to 
it  blood-vessels,  lymphatics,  and  even  nerve-fibres  destined  for  its  coats. 


Fic.  194. — Section  of  i\uiT       a  ki  nici-ias  ok  iuk  .sriAric  mohve  (if  a 
u.VT  FiXKD  WITH  FLKMMiN(i's  SOLUTION.    Magnified  400  diameters. 

cj),  u])ineiinuni  with  Iilood-vessels ;  e,  section  of  an  end-lmlb  :  2>.  pfritieuriuni ;  m,  niedul- 
l.itfd  liliru  uut  at  tht  level  of  a  nuuleus ;  n,  n,  bundles  of  non-niedullated  libres. 


Flo.  105.— Suction  of  tiik  thokacic  sViMi'ATiiivTic  coun  (if  tiik  i.at. 
(Fiscliei.)    Osniic  iireparatioii. 
The  nerve  is  oomiiosed  in  almost  ei|iial  parts  of  fine  meduUatud  lihres      1)  derived  from 
the  thoracic  anterior  roots,  and  s;re.v  fibres  {.-i)  derived  from  the  svini>alhelic  L'andioii- 
cells.    The  dark  bodies  m  the  eimieurium  (1)  are  fat-cells  ;  2,  iierineuriuni 


is  termed  the  epinetirium  ;  it  frequently  contains  fat-cells.  That  which 
ensheathes  the  funiculi  is  known  as  the  perineurium  (figs.  193,  194). 
It  has  a  distinctly  lamellar  structure,  the  lamella;  being  composed  of 
connective  tissue  covered  by  flattened  epithelioid  cells  (fig.  196,  a). 
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Between  the  lamellib  are  clefts  for  the  conveyance  of  l^'iiipli  to  tlie 
lymphatics  of  tlie  epineurium.  The  delicate  connective  tissue  which 
lies  between  the  nerve-fibres  of  the  funiculus  is  the  endoneurium.  It 
assists  in  supporting  the  longitudinally  arranged  nieshwork  of  blood- 
capillaries,  and  its  interstices  communicate  with  the  lymph-clefts  of  the 
perineurium. 


Fjii.  19G. — Neuves  stained  with  silvek  nitrate.  (Rauvier.) 

Ill  A,  Ihe  epithelial-like  la\  er  of  flattened  cells  lieloiig-in;;  to  the  sheath  of  Heiile  is  stained. 
Ill  B,  the  cross-like  m'aikiiigs  at  the  nodes  are  exhibited.  In  0,  a  (Ane\e  fibre  is  shown 
more  highly  magnified,  with  Froiiimanii's  transverse  markings  of  the  a.\is-cylinder. 
«,  constricting  band  ;  /»,  medullary  sheath  ;  cy,  axis-c.\  linder. 


All  the  branches  of  a  nerve,  and  even  single  nerve-fibres  which 
are  passing  to  their  distribution,  are  invested  with  a  prolongation  of 
the  perineural  sheath,  which  is  then  known  as  the  sheath  of  Henh. 

The  nerve-trunks  themselves  receive  sensory  nerve-fibres  {nervi 
nervorum)  which  ramify  chiefly  in  the  epineurium  and  terminate  within 
this  in  end-bulbs  (Horsley)  (fig.  194,  e). 

The  degenerative  processes  which  occur  in  cut  nerve-fibres  as  well 
as  the  subsequent  reparative  processes  will  be  dealt  with  after  the 
structure  of  nerve-cells  has  been  studied  (see  p.  177). 
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LESSONS  XVII.  AND  XVIII. 
NERVE-CELLS. 

^.  Put  a  small  fragment  of  .spinal  ganglion  into  1  per  cent,  osniic  acid 
for  a  few  hours.  Place  in  water  containing  a  fragment  of  thymol  foi' 
two  (lay.s  or  more.  Tea.se  in  dilute  glycerine.  Notice  the  spheroidal 
ganglion-cell.s  ;  their  large  nuclei  and  distinct  nucleoli.  Many  of  the  cells 
may  .still  be  .seen  within  their  nucleated  membranous  sheath.  Look  for 
cells  which  still  retain  the  axi.s-cylinder  process  and  for  T-shaped  junction.s 
of  nerve-fibi-es  with  this.  Fat-ceils  may  be  present  in  the  jjeiiganglionic 
connective  tissue.    Tliese  will  appear  intensely  black  in  osmic  preparations. 

2.  Prepare  in  the  same  way  a  spinal  ganglion  oi-  the  Gasserian  ganglion 
of  the  skate  or  cod.    Notice  the  bipolar  chai'acter  of  most  of  the  cells. 

3.  Prepare  a  piece  of  sympathetic  ganglion  as  in  §§  1  and  2.  If  from  a 
rabbit  observe  that  many  of  the  cells  are  bi-nucleated. 

Measure  two  or  three  cells  in  each  of  the  above  preparations. 

4.  Mount  stained  sections  of  ganglia,  both  spinal  and  sympathetic. 
These  will  serve  to  show  the  arrangement  of  the  cells  and  tibres  in  the 
ganglion  and  the  nucleated  sheaths  ai'ound  the  nerve-cells. 

The  ganglia  may  be  fixed  and  hardened  in  satuiated  solution  of  corrosive 
sublimate  or  of  picric  acid  or  in  10  per  cent,  foi-mol.  They  may  either  be 
stained  in  bulk  or  sections  cut  from  paraffin  and  stained  on  the  slide. 

5.  Ehrlich's  methylene  blue  method,  (4olgi's  silver  chromate  method,  or 
Cajal's  silver  reduction  method,  especially  the  last  named,  are  all  useful  for 
showing  the  connections  of  ganglion-cells  with  nerve-fibres.  These  methods 
are  described  in  the  Appendix. 

G.  Place  a  portion  of  the  grey  matter  from  a  piece  of  spinal  cord  in  .33  per 
cent,  alcohol.  After  macerating  for  a  few  days  in  this  fluid,  a  little  of  the 
grey  matter  may  be  shaken  up  in  a  test-tube  with  watei-  so  as  to  break  it 
up  into  fine  fragments.  Allow  these  to  subside,  decant  off  the  water  and 
substitute  a  dilute  .solution  (1  to  .500)  of  methylene  blue  or  a  .solution  of 
picrocarmine.  When  it  appears  sufficiently  stained  .some  of  the  debris  is 
pipetted  off  and  examined  under  a  low  power  of  the  nucroscope  ;  at  first 
without  a  cover-glass  so  that  the  cells  may,  if  necessary,  be  separated  with 
needles  from  the  rest  of  the  tissue.  Mount  in  water"  with  a  thick  hair 
under  the  cover-glass.  Notice  the  large  branching  cells,  some  with  a  mass 
of  pigment  near  the  nucleus.  Observe  the  fibrillation  of  the  cell-proces.se.s. 
Many  axis-cylindei's  will  be  seen  in  this  preparation  deprived  wholly  or 
partially  of  their  meduUaiy  sheath,  and  their  fibrillar  structure  can  "then 
also  be  well  seen.  Carefully  .sketch  these  appearances.  To  keep  the 
methylene-blne  preparation  the  stain  must  be  fixed  with  picrate  of  ammonia, 
after  which  a  nuxture  of  glycerine  and  picrate  of  ammonia  may  be  used  for 
mounting.  If  picrociirmine  is  used  the  specimen  is  simply  "preserved  in 
dilute  glycerine.  Similar  preparations  may  be  made  from  the  grey  matter 
of  the  cerebral  cortex  and  cerebellar  cortex. 

7.  Examine  sections  of  spinal  cord,  medulla  oblongata  and  brain  stained 
by  methylene  blue  (Nissl's  method),  to  exhibit  the  angular  particles 
within  the  nei've-cells. 
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8.  Examine  sections  of  parts  of  brain,  spinal  cord  and  ganglia  prepared 
by  Cajal's  method,  to  exhibit  the  neui'o-fibrils  in  the  cells  and  cell  processes. 

9.  Examine  the  nerve-cells  and  neuroglia-cells  in  sections  from  the  spinal 
cord,  cerebniin,  or  cerobelluui  of  a  small  animal,  e.g.  young  rat  or  kitten, 
prepared  by  Golgi's  method.  The  sections  must  be  mounted  in  thick  xylol 
balsam  or  dammar  varnish,  without  a  cover-glass,  and  dried  i.ipidly  on  a 
warm  plate. 

10.  Examine  sections  of  spinal  cord  (linnbar  enlargement)  and  correspond- 
ing .spinal  ganglia  from  an  animal  in  which  tlie  sciatic  nerve  had  been  cut 
about  thi  ee  weeks  before  it  was  killed.  The  .sections  are  to  be  stained  by 
Nissl's  method.  Most  of  the  anterior  horn  nerve-cells  and  of  the  ganglion- 
cells  on  the  side  of  the  lesion  will  exhibit  chromatolysis  (or  breaking  down 
of  the  Nissl  granules)  which  is  characteristic  of  cells  the  axons  of  which 
have  been  severed.  The  altered  cells  may  be  com]}aied  with  the  normal 
cells  on  the  intact  side. 


Nerve-cells,  neurocytes  or  neurones. — Nerve-cells  occur  in  the  grey 
matter  of  the  nerve-centres,  and  in  little  groups  on  the  course  of 
certain  of  the  peripheral  nerves,  these  groups  often  causing  nodular 
enlargements  of  the  nerves,  which  are  known  as  ganglia.  The  most 
conspicuous  ganglia  are  those  which  are  found  upon  the  posterior 
roots  of  tlie  spinal  nerves,  upon  the  roots  of  some  of  the  cranial 
nerves,  and  upon  the  trunk  and  principal  branches  of  the  sympathetic 
nerve.  Minute  ganglia  are  also  found  very  numerously  in  connection 
with  the  nerves  which  are  supplied  to  glands  and  involuntary  muscular 
tissue,  as  in  the  salivary  glands,  heart,  alimentary  canal,  bladder, 
uterus,  etc. 

Nerve-cells  vary  much  in  size  and  shape;  many  are  large,  some 
being  amongst  the  largest  cells  met  with  in  the  body,  but  others  are 
quite  small.  The  cell-body,  which  is  often  erroneously  spoken  of  as 
the  nerve-cell,  but  which  may  be  conveniently  termed  the  cyton  (Sanger 
Brown),  has  a  large  usually  spherical  nucleus  and  a  very  distinct 
nucleolus.  All  nerve-cells  possess  at  least  one  process,  the  axon, 
which  becomes  either  a  non-medullated  fibre  or  the  axis-cylinder  of  a 
meduUated  fibre.  If  other  processes  are  present  they  are  always 
branched  almost  from  their  commencement  at  the  cell-body,  and  they 
are  therefore  termed  dendronx  or  dendrites.  The  cytoplasm  is  fibrillated, 
the  fibi'ils  passing  into  the  processes ;  they  are  known  as  neuro-fibrih, 
and  are  believed  to  be  the  actual  conductors  of  nerve-impulses.  The 
cytoplasm  also  contains  peculiar  angular  particles  (i\%W  grannies) 
staining  deeply  with  methylene  blue,  but  the  size,  number,  and 
arrangement  of  these  in  different  cells  vary  gi-eatly  (fig.  197).  The 
granules  also  vary  in  number  and  size  with  the  physiological  condition 
of  the  cells  ;  thus  it  is  found  that  nerve-cells  which  have  been  fatigued 
by  prolonged  activity  (fig.   198),    and  also  those  the  axis-cylinder 
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FiC.    197.— MULTII'OLAR  AND  UNIPOLAR  TYPKS  OF  NKRVK-CELL. 

A,  Large  pyramidal  cell  Of  cerebral  cortex,  human.  Nissl  method.  (Cajal.)  a,  axon  • 
?'  ?l  '•  t*^'  ''<""'™"  :  P'aeed  between  two  of  the  ba.sal  dendrons  points 
to  the  nucleus  of  a  neuroglia  cell  which  is  applied  to  the  cyton. 

B,  Unipolar  cell  from  spinal  ganglion  of  rabbit.  Nissl  method.  (Cajal.)  a,  axon  • 
0,  circumnuclear  zone,  poor  in  granules;  c,  capsule;  rf,  network  within  nucleus' 
c-,  nucleolus. 


i6o 


THE  ESSENTIALS  OF  HISTOLOGY. 


Fto.  198.— Two  motor  Ni.:R\n'>CELLS  from  the  doo. 
noi'iiial  •  h,  aftei-  a  pei-ioci  of  prolonged  activity.    (Pliotofc'raplied  from  preparations  by 

Dr  Giistav  Mann.) 


F,,.     199._ClIKOMATOLYSIS  OF  TWO  >'ERVE-CEIXS  OF  Sl'IK-M-  CORD  '"^  ?-^BBrr, 
PRODITOED  BY  SEVERANCE  OF  MOTOR  NERVE  lo  BAYS  PREVTOrSLV.     (Cajal  ) 

of  ohromatolysis  i.i  seen  m  flff.  WS  h. 
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process  of  which  has  been  cut  (fig.  199),  sliow  tlie  Nissl  granules 
becoming  disintegrated  ;  they  may  even  disappear  for  a  time  from  the 
cell.  A  similar  result  is  found  to  occur  after  the  action  of  poisons 
which  especially  affect  the  nervous  system.  The  NissI  granules  of  the 
nerve-cell  appear  to  consist  chemically  mainly  of  nucleoproteid ;  they 
contain  organically  combined  iron  (Macallum).  Many  nerve-cells 
have  also  a  clump  of  pigment-granules  (fig.  200),  containing  lecitliin, 
at  one  side  of  the  nucleus.    This  is  especiall}'  marked  in  cei'tain 
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Fic.  -200.— A  N'KRVE-CKIJ,  FROM  TiiK  HUMAN  si'iNAi,  coKn.    (Froiii  Preiiaiit, 

Bouin,  and  Maillard.) 

a,  iixon  ;  d,  deiulroiiN  ;  7i,  iiiiclcns  with  nucleolus ;  ji,  plpment.pi  anules. 

localities  (locu.s  cosruleus,  locus  niger),  and  is  more  frequent  in  man 
than  in  the  lower  animals.  The  pigment  also  tends  to  increase  in 
amount  as  age  advances.  As  already  stated,  the  body  of  every  nerve- 
cell  is  traversed  by  fine  fibrils  {neuro-Jibrils)  continuous  with  those  in 
the  axis-cylinder  of  the  issuing  nerve  and  with  similar  fibrils  in  their 
dendrons.  They  were  noticed  by  Max  Schultze  in  vertebi'ates 
and  were  later  described  by  Aapthy  in  certain  annelids.  They 
can  be  .seen  without  difficulty  in  nearly  all  nerve-cells  (fig.  201) 
1 1 
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by  the  employment  of  certain  special  methods.  The  neuro-fibrils 
are  said  to  present  variations  in  thickness  according  to  the  condition 
of  activity  of  the  animal  at  the  time  of  death. 

Most,  if  not  all,  nerve-cells  show  a  delicate  superficial  reticulum  (fig. 
202),  described  by  Golgi,  which  is  generally  regarded  as  composed  of 


Fio  201.— Nerve-cells  of  kitten  (from  the  anterior  cori'ora 
quadeioemina)  showino  neuro-fibrii^.  (Cajal.) 

(I,  axon  ;  h,  c,  d,  various  parts  of  the  intracellular  plexus  of  fibrils. 


neuro-fibrils,  but,  according  to  J.  Turner,  may  be  an  m^'estment 
derived  from  neuroglia-cells.  Golgi  has  also  described  another  net- 
work of  fibrils  with  somewhat  larger  meshes  (deep  reticidum  of  bolgi) 
(fi.  903)  hi  the  deeper  parts  of  the  cell.  According  to  some 
authorities  both  superficial   and  deep  networks  are  in  contniuity 
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throughout  the  cell,  and  receive  .and  are  prolonged  from  the  neuro- 
fibrils of  an  entering  axon  on  the  one  hand,  and  with  those  of  the 


Fk;.   202.— SuPERFICIAI.  network  of  OOLGI  StTRROrNDING  TWO  CELLS  FROM 
THE  CEREBRAL  CORTEX  OF  THE  CAT;  EHELICH's  METHOD.  (Cajal.) 

'''3wnl.i     H f  "•  .  ".I '"^"^^  "W^^  •  ''•  "  condensation  of  the 

netHoik  at  the  poles  of  the  larsei-  cell ;  c,  spnions  projections  from  the  surface. 


axis-cylinder  process  of  the  nerve-cell,  and  also  of  the  dendrons,  on  the 
other  hand.    Other  authorities  regard  these  networks  as  distinct  from 
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the  neuro-fibrils,  wliicli  tliey  suppose  to  run  independently  through 
the  nerve-cell  body,  entering  it  by  way  of  the  dendrons  and  emerging 
''■:l'^"::y::7^''':'':\^  in  the  axon. 

--;>  •  ■  :  ■.  -  ?  v^iv'^""  Entirely  distinct  from  the  fibrils  is  a  system 

^J,-:  of  fine  canaliculi,  which  has  been  described 

>  s  .  ;.•    :  by  E.  Holmgren,  permeating  the  cytoplasm 

of  the  cell-body  in  .some  nerve-cells  for  the 
purpose  of  subserving  its  nutrition  by  con- 
veying plasma  into  its  substance  (fig.  204). 
These  channels  are  stated  by  Holmgren  to  be 
occupied  by  branching  processes  of  neurolgia- 
cells  (trophospomiium).  In  the  very  large 
nerve-cells  from  which  the  nerves  of  the 
electric  organs  of  Malapterurus  arise,  even 
blood-vessels  penetrate  into  the  C3'toplasm. 

Processes  of  nerve-cells. — As  already  inti- 
mated the  processes  are  of  two  kinds.  The 
first  is  that  known  as  the  axis-cylinder  process 
(Deiters)  or  nerve-fibre  process,  so  called  because 
it  becomes  the  axis-cylinder  of  a  nerve -fibre 
(fig.  205,  a,  a);  in  the  case  of  the  non- 
medullated  fibres,  it  becomes  the  nerve  fibre 
itself.    It  is  also  termed  the  axon. 

No  fully  developed  nerve-cell  is  without 
this  process.  The  place  where  it  arises  from 
the  body  of  the  nerve-cell  {cone  of  ori^it})  is 
marked  oS  from  the  rest  of  the  cell-substance 
by  absence  of  Nissl  granules  (see  fig.  197). 
The  other  processes  of  the  nerve-cell  are  those 
wliich  were  termed  bj;^  Deiters  the  jirotopJmtmic 
processes ;  they  are  now  usually  termed  the 
dendrons  or  dendrites  and  are  generally  multiple, 
whereas  the  axon  is  genei'ally  single.  The 
dendrons  are  characterised  by  the  fact  that  as 
soon  as  they  leave  the  cell  they  begin  to 
branch  dendriticall}'^,  whereas  the  axis-cylinder 
process  does  not  branch  until  near  its  termina- 
tion, with  the  exception  of  a  few  fine  lateral 
offshoots,  which  are  sometimes  given  ofl?  in  its 
course.  Dendrons  maybe  absent;  the  cell  is 
then  adendric.  Most  nerve-cells  have  only 
one  nerve-fibre  process  (imipohi-),  but  some 
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Fig.  205. — Axis-cylinder 
process  of  a  nerve- 
celiv  from  the  spinal 
CORD.    (M.  Sehultze.) 

X  X ,  imrtion  of  the  cell-body, 
out  of  which  the  fibrils  of 
the  axis-cylinder  process,  a, 
are  seen  to  emerge.  At  a', 
this  process  acquires  a 
medullary  sheath.  Iliphly 
magnilled. 


PROCESSES  OF  NERVE-CELLS.  1 65 

have  two  or  more  (bipo/nr,  nmlliptilnr).  The  dendrons  may  contain 
Nissel  granules,  but  the  axons  never. 

The  shape  of  the  cell  depends  largely  on  the  number  of  processes 
and  the  manner  in  which  they  come  off  from  the  cell.  If  there  is  but 
one  chief  process  the  cell  is  generally  nearly  spherical.  This  is  the  case 
with  most  of  the  cells  of  the  spinal  ganglia  (fig,  197,  B) ;  in  these 
the  single  process,  after  a  short  course,  divides  into  two  fibres,  which 
pass  the  one  centrally  the  other  peripherally  (fig.  216).  When  there 
are  two  main  processes  from  a  nerve-cell  they  often  go  off  in  opposite 
directions  from  the  cell,  which  is  thus  I'endered  somewhat  spindle- 
shaped  (fig.  206),  but  occasionally  they  emerge  at  the  same  part.  When 
there  are  three  or  more  processes,  the  cell  becomes  irregularly  angular, 


Fii;.  •20t).    'I'wd  mi'DLAR  oajjglion-ceij,s  (kisu).  (Holmgren.) 

Ill  I!  Uiu  nitdullai-.v  sheath  is  continued  as  a  thin  layer  over  the  eell-body. 


as  in  the  motor-cells  of  the  spinal  cord  and  the  pyramidal  cells  of  tiie 
cerebral  cortex  (figs.  200,  197,  A). 

In  some  cases  where  there  appear  to  be  two  fibres  connected  with  a 
cell,  one  of  them  is  derived  from  another  nerve-cell  elsewhere,  and 
is  passing  to  end  in  a  ramification  which  envelopes  the  cell-body.  In 
certain  situations  the  ramification  is  coarse  and  forms  a  calyx-like 
investment  to  the  cell-body:  this  investment  may  be  so  intimately 
united  to  the  body  of  the  second  cell  that  it  appears  to  be  rooted 
into  the  external  layer  (fig.  207) :  in  other  places  the  pericellular  fibrils 
are  very  fine  and  form  a  fine  arborisation  over  the  cell-body.  When 
the  fibrils  come  in  contact  with  the  surface  of  the  cell  they  sometimes 
end  in  small  button-like  enlargements  or  varicosities  (fig.  208). 

In  preparations  made  by  Golgi's  chromate  of  silver  method  the 
nerve-cells  and  their  processes  are  coloured  black  by  a  deposit  of 
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reduced  silver,  so  tlmt  the  processes  can  be  traced  for  a  considerable 
distance  tVoni  the  body  of  the  cell,  in  fact  in  many  insUnces  as  far  as 
their  remotest  ramifications.  It  has  been  found  by  the  employment 
of  this  method  that  the  axis-cylinder  process  is  not  always  an  un- 


Fia.  207. — Vakioiis  forms  of  i-eiuckm.ulak  kndixi!  ok  kntekim;  nkkve- 
FiBKKS  IN  Titu  TKAPKiioiu  NuchHUs  OF  Tun  CAT.    (Ediiiger,  after  Vcratti.) 


branched  process,  as  was  formerly  supposed,  but  that  it  usuallj',  if  not 
invariably,  gives  off  fine  lateral  branches  {colJa(ernlx),  which  themselves 
tend  to  ramify  in  the  adjacent  nerve-substance  (fig.  209,  c).  And 
although  the  main  part  of  the  axon  process  usually  passes  on  and 
becomes  the  axis-cylinder  of  a  long  medullated  nerve-fibre  (long  axoned- 


PROCESSES  OF  NERVE-CELLS. 


cell,  fig.  209),  this  i.s  not  always  the  case,  for  in  another  type  of  nerve- 
cell  within  the  nerve-centres  (short  axoned  cell,  fig.  210),  the  axis- 
cylinder  process  breaks  up  almost  immediately  into  an  arborescence. 
The  long  process  of  the  first  type  (which  becomes  the  axis-cylinder  of 
a  long  nerve-fibre)  also  ultimately  ends  in  a  similar  manner,  that  is 
to  say,  in  a  terminal  ramification  or  arborescence,  as  will  be  seen  in 
studying  the  endings  of  nerve-fibres,  both  at  the  periphery  and 
within  the  central  nervous  system  itself. 


Flli.  20S.— PKKICKLI.rLAK   N  KT  K(  I- I'l  IIKI  I.S  AKOPNri  A   l.AKfiH  PVHAMinAI, 
LULL  OK  TlIK  HUMAN   L'OItTKX  LERKHKI.' 

Synapses.— Each  nerve-cell  is  generally  regarded  as  an  anatomically 
independent  element  {nerve-unit,  neurone),  and  the  connection  of  one 
uerve-cell  with  another  is  believed  to  be  effected  through  the  medium 
of  the  terminal  arborisatifms  of  the  dendrons  or  axons.  Such  arborisa- 
tions from  different  cells  may  interlace  with  one  another  (as  in  the 
olfactory  glomeruli,  in  the  retina,  and  in  the  .sympathetic  ganglia)  (fig. 
211),  or  a  terminal  arborisation  from  one  cell  may  embrace  the  body 
or  the  cell-processes  of  another  cell ;  as  with  the  cells  of  the  spinal 
cord  (fig.  212)  and  the  cells  of  the  trapezoid  nucleus  of  the  pons  Varolii 

'  I  am  indebted  to  Di-  J.  Turner  for  the  drawing  liei-e  ropioduced. 
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jJlU. — CeIAj  of  TYI'K   II.   OV  (!(1U!I,   WITH  SHOKT  AXON   HA  .M I  I'Vl  NC  IN 
TIIK   ADJACENT  GKKY  MATTKK. 


Fic.  211. — Synaptic  conkections  of  sympathetic  cells  fkom  the 

SUPERIOR  CERVICAL  (lANOLION  OF  MAN.      (Cajal. ) 

The  cells  (A,  B)  sliow  well-marked  iniraeapsiilar  (leiulrons.  C,  I),  .svnaijses  between 
(lendrons  outside  the  cell-capsules ;  E,  a  fibre,  which  is  itself  surrounded  by  a  fine 
si)irall.v  wound  fibril,  jiassinK  to  a  cell  and  torniing  a  synapse  with  the  ccll-dendrons 
within  tlie  capsule,    o,  a.  axons  ;  /),  c,  d,  <;,/,  extra'-cajis'ular  dendrons. 
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(fig.  207)  and  in  many  other  places.  The  term  nynapise  or  neuro-ai/napae 
is  applied  to  these  modes  of  junction.    By  them  nerve-cells  are  linked 

together  into  long  chaiiut  of  iieuroives, 
the  physiological  path  being  uninter- 
rupted, although  the  anatomical  path 
is,  as  above  indicated,  believed  to  be 
interrupted  at  the  synapses. 

Tlie  doutrine  of  the  aiiatoiiiiual  iiidepeiul- 
euce  of  the  nerve-cell  is  known  -ah  the 
"  neurone-theory "  (Waldeyer).  It  is  sup- 
poi'ted  by  the  appearances  of  chroniate  of 
silver  pi'epai'ations  of  nei've-cells.  In  these 
the  leduction  of  the  silver  is  sti'ictl}'  confined 
to  single  cells,  which  become  stained  with 
all  tlieii-  processes  ;  and  these  pi'ocesses, 
when  demousti'ated  by  this  method,  are 
t-5a        W'     I  never  found  in  continuity  either  with  the 

processes  or  with  the  bodies  of  othei-  nei-ve- 
cells.    Moieovei-,  many  of  the  facts  lelating 
to  nei  ve-degeneiution  can  be  nioi-e  i-eadily 
iutei'pi'eted   by  this   theoiy  than   by  one 
which  assumes  the  existence  of  dii'ect  con- 
tinuity between   the  nerve-units.     But  it 
has  been  shown  by  ApAthy  that  in  amielids 
(the  uei'vous  system  of  which  was  foimerly 
supposed   to   offer  a   typical    example  of 
isolated,  linked  "neurones"),  the  fibrils  are 
in  fact  continuous  fi-om  cell  to  cell  and  are 
Fi(!.  21"2.  — Arborisation  OF  uojj-  not  interrupted  at  the  synapses  ;  it  is  there- 
LATERALS  FROM  THE  POSTERIOR  fore  possible  that  the  same  may  prove  true 
ROOT-FIBRES  AROUND  CELLS  IN  for  vertebrates  also,   in  which   case  the 

docti'ine  of  independent  units  would  i-equire 
modification.  We  may  at  any  i-ate  a.ssume 
the  ti'uth  of  the  hypothesis  so  far  as  the 
nutrition  of  all  the  pi'ocesses  of  the  nerve- 
cell  to  their  lemotest  termination  is  con- 
ceiued,  independently  of  the  question 
whethei'  theie  is  oi'  is  not  anatomical 
continuity  of  nerve-fibiils  fiom  one  unit  to  the  othei'  ;  foi-  there  are  many 
examples  in  both  animal  and  plant  cells  of  such  interdependence  by  means 
of  fibrils,  combined  with  a  considerable  amount  of  trophic  independence. 


THE  POSTERIOR  HORN  OF  GREY 

MATTER.  (Cajal. ) 
A,  fibres  of  posterior  column  derived 
from  posterior  root ;  B,  collaterals ; 
C,  D,  nerve-cells  in  grey  matter  sur- 
rounded by  the  arborisations  of  the 
collaterals ;  E,  an  arborisation  showi 
separately. 


STRUCTURE  OF  GANGLIA. 

In  the  ganglia  (figs.  213,  214)  each  nerve-cell  has  a  nucleated  sheath 
which  is  continuous  with  the  neurolemma  of  the  nerve-fibre  with  which 
the  cell  is  connected.  In  the  spinal  ganglia,  and  in  many  of  the  corre- 
sponding ganglia  on  the  roots  of  the  cranial  nerves  of  mammals  and  of 
most  other  vertebrates,  the  cells  have  only  one  issuing  process,  the 
axis-cylinder  process,  which  soon  acquires  a  medullary  sheath  and  then 
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passes  with  a  somewhat  eouvohited  course  to  some  little  distance  from 
the  cell-body,  where,  still  within  the  ganglion,  it  divides  into  two ;  one 


Fig.  213. — Loncitudisal  section  TiiKorcu  the  :middle  of  .\  c.vNfJLiox 

ON  THE  POSTERIOR  ROOT  OF  ONE  OF  THE  S.VCRAL  NERVES  OF  THE  DOC, 
AS  SEEN  rXUER  A  LOW  MACiNIFYINC!  I'OWER. 

fl,  iierve-root  entering'  the  jxanj^lion  ;  b,  tibres  lea\'iiiff  the  gaiiK'Iiori  to  join  the  mixed  spinal 
nerve  ;  e,  connecti\'e-tissue  eoat  of  tlie  ganglion  ;  rf,  in'incipal  group  of  nerve-cells, 
with  fibres  passing  down  from  amongst  the  cells,  to  unite  with  the  longitudinally 
coursing  nerve-fibres  by  T-shaped  junctions. 


'JU. — Fk<iM   a  SUCTION   OK   l)0<l's  srlNAI.  (lANCMoN,  SHOWINC    l>l  FFKUENT 

TYi'Es  OK  CELLS.    Photogi.apli.    Magnified  240  diameters. 

The  clear  patch,  free  of  Nissl  granules,  seen  in  simic  of  the  cells  is  the  place  of  origin  of 
the  axon.  Some  of  the  cell-bodies  have  shrunk  away  from  the  nucleated  cai)sule. 
Notice  the  .smaller  and  more  darkly  staining  cells,  contrasting  with  the  larger  and 
clearer  cells.  • 


fibre  passing  to  the  nerve-centre,  and  the  other  towards  the  periphery. 
The  branching  is  T-shaped  or  Y-shaped,  and  always  occurs  at  a  node 
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of  llanvier  (figs.  215,  216).  The  neuro-fibrils  of  the  central  and  peri- 
pheral branches  retain  their  individuality  in  the  common  trunk  ;  they 
are  traceable  into  a  neuro-fibril  netwoi-k  within  the  cell-body.  These 
.spinal  ganglion-cells  have,  as  a  rule,  no  dendrons,  but  some  .show, 
besides  the  axon,  short  processes  terminating  in  bulbous  enlargements 
(fig.  218)  either  within  the  cell-capsule  or  immediately  outside  it 
(Huber,  Cajal).  These  either  represent  dendrons,  or,  as  Nageotti  has 
suggested,  aborted  axons.  The  sliort  intracapsular  process  also 
occur  in  sympathetic  ganglia  (Cajal)  (figs.  211,  222). 


FiC.  '215. — Two  Sl'IN'.VJj  CAXCiLION-C'ELLS,  SllOWIXti  UIITKCATIOS  OF  TIIEIK 

NKKVK-Fii!KE  1'ROCESSES.    (Raiivier. )    Osruic  preparation. 

n,  nucleus  of  one  of  the  cells  ;      nuclei  of  capsules  ;  n  ".  nuclei  of  neurolcninia ; 
c,  0,  c',  c',  constrictions  of  Uanvier. 

The  origin  of  the  axon  is  not  always  simple,  but  may  be  multiple, 
the  several  parts  forming  at  first  a  plexus  close  to  the  cell,  even- 
tually joining  to  produce  a  single  axon.  This  multiple  condition 
tends  to  become  accentuated  with  age  (fig.  219). 

Tw((  chief  varietit'.s  of  cell  occur  in  the  .spinal  ganglia,  one  large  and  clear, 
the  other  small  and  staining  almost  uniformly  dark  (figs.  :21 4,  21()).  Many 
more  types  of  cell  are,  however,  distinguishable.  As  was  lirst  shown 
by  Dogiel,  the  cell-body  of  the  spinal  ganglion-cell  may  be  invested  by 
the  convoluted  ramifications  of  a  fine  afferent  nerve-fibre  (fig.  :217),  derived 
either  from  one  of  the  other  cells  of  the  .same  ganglion  or  from  a  cell  in  a 
neighbouring  sympathetic  ganglion.  Similar  afferent  fibres  forming  peri- 
cellular plexu.ses  also  occur  in  the  sympathetic  ganglia  (fig.  ii'.i). 


Flfl.  216. — TVPKS  OF  CEREBRO-SPINAL  GAJTaLION-C'ELT-S,  FROM  VAGUS 

GANGLION  OF  CAT.      (Cajal. ) 
A,  B,  larj^e  cells  with  imioh  convoluted  coininenceinent  of  axon  ;  C,  D,  smaller  cells  : 
E,  F,  smallest  cells,  staining'  clarklj-  and  without  axonal  convolutions. 


"217.— Pf.ricelliti.ak  arbor7.sations  in  spinal  ganglion-cells.  (Cajal.) 
In  A  the  arborisation  extends  over  the  cell-liody  ;  in  B  it  is  limited  to  the  axon, 
n,  h,  c,  d,  afferent  fibre. 
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Sections  of  sympathetic  ganglia  (fig.  220)  fail  to  sliow  the  regular 
arrangement  of  bundles  of  meduUated  fibres  traversing  the  ganglion 
which  form  a  conspicuous  feature  in  the  spinal  ganglia.  The  nerve- 
cells  are  smaller  and  usually  have  several  dendrons  and  one  axon ;  this 
becomes  a  non-medullated  nerve-fibre,  but  is  occasionally  finely  m'edul- 
lated.    In  certain  animals  (rabbit,  hare,  guinea-pig)  the  sympathetic 


Fifj.  218.— Cerebro-spinal  ganglion-cells,  man.  (Cajal.) 

a,  h,  intracapsular  dendrons,  with  knobbed  extremities. 


Fifi.  219. — Sentle  type  of  cerebro-spin^u^  ganolion-cell.  (Cajal.) 
a,  issuing  axon  ;  b,  part  of  pericellular  plexu.s ;  c,  pericellular  loops. 

cells  have  each  two  nuclei  (fig.  221).  In  the  frog  they  are  unipolar, 
but  sometimes  with  a  second  spiral  fibre  winding  round  the  issuing 
axon.  Such  spiral  fibres  occur  also  in  man  ;  they  appear  to  be  afferent 
fibres  which  are  forming  synapses  around  the  axons  and  cell-bodies 
of  the  ganglia-cells  (fig.  223). 

The  cells  of  ganglia  are  disposed  in  aggregations  of  different  size, 
separated  by  the  bundles  of  nerve-fibres  which  are  traversing  the 


SYMPATHETIC  GANGLIA. 


I/S 


Fif!.  220. — Section  (if  sympathetic  canclion  of  noo.  Photograph. 
Magnified  240  diameters. 
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Fiii.  222. — Two  SYMPATHETIC  f'Ej,LS,  MAX.    (Cajal. ) 
a,  a,  axon  ;  b,  c,  intracapsular  proce.sses ;  d,  knob-like  endiii);  of  an  iritracapsiilar  iiroces.*;. 


Fto.  223.— Two  (  KI.I.s  I  I;oM  a  SYMPATHETIC  OANOUON  01    MAN  sHoWINO  THK 
TKRMISATION  OF  AFFKRKNT  FIUUKS  WITllIX  TIIK  CEI.L-rAPSn.K.     (Cajal  ) 
A,  laigc  :  n,  small  cell,   a,  b,  afTprent.  fllircs  sin-rountliinr  a  dcndron  and  imssinp  into  cajwiiU'. 


DEGENERATION  OK  NEKVE-EIBRES  AND  NERVE-CELLS.  I// 


guiiglioii  (fig.  220).  The  ganglion  if  large  is  enclosed  by  an  investing 
capsule  of  connective  tissue  which  is  continuous  with  the  epineurium 
and  perineurium  of  tlie  entering  and  issuing  nerve-trunks. 

DEOENERATION  AND  IJKCENHKATION  oK  NKltVE-KlliKKS  AND 
NEliVE-CELLS. 

.Since  each  nerve-fibre  is  the  process  of  a  nerve-cell,  when  a  nerve  is 
cut,  the  separated  part  degenerates.  Its  axis-cylinder  becomes  broken  up 
and  disappears,  the  nuclei  of  the  neurolemma  multiply,  and  the  medullary 
sheath  undergoes  a  process  of  disintegration  into  droplets  of  fatty 
substance  which  stain  intensely,  like  fat  itself,  in  a  mixture  of  bichro- 
mate of  potash  and  osmic  acid  which  does  not  stain  the  medullary 
sheath  of  normal  fibres.  The  change  which  results  in  the  fibres  was 
described  by  A.  Waller  in  1850,  and  is  known  as  Walleriau  deyeneration 
(fig.  224,  .V  to  c).  In  man  and  mammals  these  changes  begin  24  to  48 
hours  after  section  of  the  nerve,  and  proceed  rapidly,  so  that  by  the 
third  day  the  nerve  fibres  cease  to  conduct  impulses.  When  a  peri- 
pheral nerve  is  cut,  all  the  nerve-fibres  distal  to  the  point  of  section 
must  degenerate,  because  all  ha\^e  grown  from  and  are  processes  of 
nerve  cells  in  or  near  the  nerve-centre — the  afferent  fibres  from  the 
cells  of  the  ganglion  on  the  posterior  root,  the  efferent  fibres  from  the 
cells  of  the  anterior  horn  of  the  spinal  cord. 

Waller  supposed  that  no  changes  are  produced  centrally  t(j  the 
injury  when  a  nerve  is  cut,  nor  indeed  is  there  any  obvious  immediate 
alteration  in  the  nerve-fibre  itself  between  the  injury  and  the  cell- 
body,  although  it  is  stated  that  the  fibrils  of  the  axis-cylinder  dis- 
appeaj-  for  a  time.    But  it  was  found  by  Nissl  that  degenei-ative  changes 
occur  in  the  cell-body  of  every  cell,  whether  motor  ov  sensory,  the 
axis-c3'linder  of  which  has  been  severed.'    These  changes  become 
apparent  a  few  days  after  section  of  the  nei've-fibre  and  consist  in 
a  disintegration  of  the  chromatin  granules,  associated  at  first  with  a 
general  swelling  of  the  cell-body  and  nucleus,  which  last  passes  to  the 
periphery  of  the  cell-body.    After  a  time  the  disintegrated  chromatic 
substance  becomes  in  great  measure  removed  and  the  cell- body  and 
nucleus  become  shrunken  in  volume.    This  process  of  disintegration 
and  disappearance  of  chromatin  may  be  termed  Nissl  docjeneraiion :  it 
is  also  known  as  cliroinatolysis.    It  is  brought  about  not  only  by 

'  I5ut  section  of  the  ixj.stei-ioi-  root-tibres  eeiitnil  to  the  ganglia  does  not  entail 
degeneration  of  the  ganglion-cells  from  which  they  arise.  Nor  does  section  of 
a  .spinal  nerve  always  entail  degeneration  of  the  anterior  horn  cells  from  whicli 
Its  motor  fibres  arise  (Van  (ielmchten).  Why  the.se  apparent  exceptions  occur 
IS  not  understood. 
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section  of  Llic  axon  (fig.  1!)!)),  but,  also  as  tlie  i-esult  of  excessive  fatigue 
of  tlie  intact  cell  (fig.  198),  and  of  the  action  of  a  large  number  of 
drugs  and  poisons. 


Fic.  2"24. — Ukcenekatioin  and  keueneeation  of  nerve-fibres  in  the 
RAiiBiT.  (Ranvier.) 

part  of  a  iici've-Hbre  in  which  degeneration  has  commenced  in  conse(|uence  of  the 
section,  fifty  hours  pre\'ionsly,  of  the  trunk  of  the  ner\'e  hij^her  up;  my,  niethOlary 
sheath  becomint,"  Ijroken  up  into  drops  of  myelin  ;  p,  granular  protojilasniic  sub- 
stance which  is  replacing  the  myelin ;  n,  nucleus ;  ;j,  neurolenuna.  IS,  another 
fibre  in  which  degeneration  is  proceeding,  the  ner\'e  having  been  cut  four  days  pre- 
viously ;  p,  as  before ;  ci/,  axis-cylinder  partly  broken  up,  and  the  jiieces  inclosed  in 
l>ortions  of  myelin,  my.  C,  more  advanced  stage  of  degeneration,  the  medullarx' 
sheath  having  almost  disappeared,  and  being  replaced  by  protoiilasni,  p,  in  which, 
besides  drops  of  fatty  substance,  m,  are  numerous  nuclei,  n",  which  liave  resulttfl 
from  the  division  of  the  single  nucleus  of  the  internode.  D,  connnencing  regener- 
ation of  a  nerve-fibre.  Several  small  fibres,  <',  I",  have  sprouted  from  the  some- 
what bulbous  cut  end,  6,  of  the  original  fibre,  ( ;  n,  an  axis-cylinder  whicli  h.is 
not  yet  ac(|uired  its  medullary  sheath ;  *',  neurolenuna  of  the  original  fibre. 
A,  C,  and  D  are  from  osmic  i)reiiarations ;  B,  from  an  alcohol  and  carmine  pre- 
paration. 


The  chromatoly.sis  may  be  persistent  or  may  be  recovered  from. 
Sometimes  it  is  followed  by  almost  complete  atrophy  of  the  cell- 
body,  and  when  this  is  marked  there  may  be  a  secondary  Wallerian 
degeneration  of  the  part  of  the  nerve-fibre  still  attached  to  the  cell. 


DEGENERATION  OF  NERVE-FIBRES. 
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The  chroiuatolysis  is  accompanied  bj'  changes  in  the  neurofibrils 
of  the  cells,  which  stain  differently  and  become  granular  (Mariuesco). 

Regeneration. — After  a  certain  lapse  of  time,  especially  if  the  cut 
ends  of  the  nerve  are  in  apposition,  continuit}'  between  them  may 
become  re-established.    But  when  such  regeneration  takes  place  in 
the  cut  nerve,  it  is  effected  not  by  a  re-establishment  of  connection 
between  the  degenerated  fibres  and  the  fibres  of  the  central  stump, 
but  by  an  outgrowth  of  new  fibres  from  the  stump  (figs.  224,  d  ;  225), 
which  endeavour  to  find  their  way  to  the  periphei-y  along  the  course 
of  the  degenerated  fibres.    If  they  succeed  in  doing  so,  the  continuity 
anil  conducting  p(3wer  of  the  nerve  become  ultimately  restored.  This 
may  not  happen  for  three  months  or  more,  according  to  the  length 
of  nerve  cut  off  and  the  nature  of  the  severance,  although  the  process 
begins  within  a  few  days  of  the  injury  in  man.    Some  investigators 
have  attempted  to  show  that  regeneration  may  take  place  independently 
in  the  peripheral  part  of  the  cut  nerve,  but  the  evidence  offered  is 
not  conclusive,   although   changes   occur   in    the    distal   part  pre- 
paratory to  the  down-gi-owth  of  new  fibres  into  it.    There  appears, 
in  fact,  to  be  no  union  of  the  down-growing  fibres  with  regenerated 
fibres  in  the  peripheral  part.     Recent  investigations  have  .shown 
conclusively  that  whenever  continuity  is  re-established  it  is  invariably 
due  to  the  growth  of  fibres  from  the  central  stump  of  the  cut  nerve. 
These  down-growing  fibres  are  usually  terminated  by  a  button-like 
swelling  similar  to  that  which  characterises  the  growing  fibres  of  the 
embryonic  nerves   {incremental   cone),    and    they  may  also  exhibit 
numerous  lateral  ramifications.    Even  when  the  cut  central  stump  is 
turned  backwards  and  fixed  amongst  the  muscles  oi-  under  the  skin 
a  certain  number  of  newly-budded  fibres  may  find  their  way  from  it 
into  the  degenerated  peripheral  part  of  the  nerve. 

If  regeneration  fail  to  establish  itself,  the  central  end  of  the  cut 
fibre  and  the-  cell-body  from  which  it  takes  origin  undergo  slow 
atrophic  changes  resulting  from  disuse.  These  atrophic  changes  may 
ultimately  extend  to  other  links  in  the  cell-chain,  especially  in 
young  animals;  so  that  even  remote  cells  in  the  same  physiological 
path  may  eventually  become  atrophied  {v.  Gudden's  atrophy). 

No  regeneration  of  cut  nerve-fibres  is  ever  seen  in  tiie  brain  or 
spinal  cord,  although  the  process  of  degeneration  of  fibres  which 
are  cut  off  from  their  cell-bodies  occurs  in  the  same  manner  as  at 
the  periphery,  and  the  Nissl  degeneration  also  takes  place  in  the 
cell-bodies.  Both  in  the  nerve-centres  and  the  peripheral  nerves  (if 
regeneration  fail  to  occur),  the  place  of  the  degenerated  nerve-fibres 
becomes  eventually  occupied  by  strands  of  fine  fibres,  somewhat  similar 


THE  ESSENTIALS  OF  HISTOLOGY. 


to  the  fibres  of  cicatricial  tissue, 
cai'mine  and  remain  unstained  by 


Fi(i.  -i-iS.— Fibres  from  tiik  ckntral 

CUT  liNl)  OF  SCIATIC  NEKVK  (OF 
YOUNG  rabbit)  cut  10  DAYS  BEFORE 

DEATH.  (Cajal.) 

A,  lihres  showiii),'  (lo\^■ll■^rl•o^vUl  of  axis-(rylili- 
dors  (6)  whidi  are  imested  by  fliitlenud 
nucleated  cells;  o,  intact  jiart  still  mye- 
linated. B,  a  fibre,  the  axis-cylinder  of 
wbicli  lias  not  (frown  down  with  the  rest, 
but  which  shows  various  degenerative 
appearances,  such  as  buds  from  the  axis- 
cylinder  and  at  rf,  a  separation  of  the  flbrils. 


These  strands  stain  deeply  with 
osmic  acid  and  by  the  Weigert-Pal 


Vh:.  -l-m.—VliOM  THE  DISTAI,  END  OF 
.\    NERVE    CUT    78    n.VVS  REFORE 

DEATH.  (Cajal.) 

a,  c,  enlar(red  (n'owinir  <;»'ls  a.xis-cylindcr 
sprout.s  which  have  j.Town  down  from  the 
central  cvit  end  into  the  old  sheaths  of  the 
cut  nerve-librts  (myelin  drops  arc  sl_ill 
visible  within  the  sheaths).  The  nuddlc 
fibres  (h)  are  interstitial  (not  in  old  sheaths), 
t.hev  show  a  new  fonnation  of  a  nuclcatcjl 
sheath.  The  fil>re  d  ha-s  an  enl.\rired  end. 
n,  with  sheath  h :  e.  very  fine  fibres  wnthin 
an  old  sheath  :  to  the  left  of  it.  an  old 
sheath  without  new  fibres. 


NEUROCtLIA. 

method,  and  are  thus  differentiated  from  the  surrounding  normal 
raedullated  nerves. 

NEUROGLIA. 

Tn  the  brain  and  spinal  cord  the  nerve-cells  and  nerve-fibres  are 
supported  by  a  peculiar  tissue  which  has  been  termed  the  neuroglia. 
It  is  composed  of  cells  and  fibres,  the  latter  being  prolonged  from  and 
through  the  cells.  Of  the  fibres  some  are  radially  disposed.  These 
start  partly  from  the  lining  layer  of  the  central  caual  of  the  spinal 
cord  and  the  ventricles  of  the  brain,  where  they  are  originally  if 


Fic.  227. — Section  of  spinaIj  ookd  of  embkyo  chick,  snowiNri  NEURoriLiA 

KIIiRES  rUOLONOED  FROM  THE  EPITHEI.irM  OF  THE  CENTR.VL  CAN.^I-.  (Cajal.) 

(/,  dorsal ;  v,  ventral  surface ;  c,  central  canal  from  which  the  neuroglia  cells  and  fibres 
are  seen  to  radiate  to  the  periphery  of  the  cord.  Some  detached  neuroglia  cells  are 
also  rejiresented. 

not  permanently  continuous  with  the  ciliated  epithelium  cells  lining 
these  cavities.  They  course  in  a  radial  direction,  .slightly  diverging 
as  they  proceed,  and  constantly  branching,  towards  the  surface  of 
the  organ,  where  they  end  in  enlargements  attached  to  the  pia  mater. 
Radial  neuroglia  cells  and  fibres  are  seen  in  the  embiyo  before  the 
nervous  elements  are  fully  developed  (fig.  227) ;  when  first  distinct 
they  are  termed  sjx»ic/iobJ(i^s/,s  (His.). 

Neuroglia-fibres  are  contained  within  prolongations  or  cell-processes 
of  branching  neuroglia-cells  {glia-celh).    The   cells   are  stellate  in 
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shape  (fig.  229),  and  their  fine  processes  pass  as  neuroglia-fibres 
between  the  nerve-cells  and  nerve -fibres,  which  they  aid  in  sup- 
porting (fig.  228).  There  appear  to  be  two  kinds  of  the.se  neuroglia- 
cells  differing  from  one  another  in  the  ciiaracter  of  their  processes 
(Andriezen).     In   the   one  kind    the   processes  branch  repeatedly 


V 


Ftfi.  228. — Transverse  section  of  white  m.\ttek  of  spin.m,  oorii,  showinc 

NERVE   FIBRES   OUT    ACROSS    ANII    NEUROOMA    FIBRES    AMON(!ST  THKM. 

(Ranvier.) 

/,  a  nic(luHai  v  nerve  fibre  ;  c,  its  axis-o.vliinJer ;  I',  a  sinnll  fibre  :  n,  nenrocli.i  cell-botiv  ; 
a,  a,  iieuroplia  (ibre.f  :  a',  others  cut  .-utoss. 


{arborescent  celh) ;  in  the  otlier  kind  they  remain  unbranched  from 
their  origin  in  the  cell-body  to  their  termination  {spider-cell a). 

Some  authorities  believe  that  the  fibres  of  the  neuroglia  are  inter-  not 
intra-celhilar,  altliongli  it  is  aihuittcd  l.y  nil  that  tliey  are  formed  ..riginally 
by  the  nenroglia-cells. 


DEVELOPMENT  OF  NERVE-CELLS  AND  NERVE-FIIiRES.     1 83 
PEVELOPMKNT  OK  NE1!VE-('EI,LS  AND  NEKVE-KIBKES. 

All  nerve-cells  in  the  body  are  developed  from  the  cells  of  the  neural 
aroove  and  neural  crest  of  the  early  embryo;  the  neural  groove  closing 
to  form  the  neural  canal  (fig.  230),  the  cells  of  which  form  the  spinal 
cord  and  brain,  and  the  neural  crest  giving  off  at  intervals  sprouts 


Fir;.  229.  — NErROOT.TA  cell  from  spinal  cord.  (Raiivicr.) 
Isolated  after  maceration  in  :«  p.e.  alcohol. 

which  become  the  germs  of  the  spinal  ganglia.    The  cells  which  line 
the  neural  canal  are  at  first  all  long  columnar  cells,  but  amongst  these, 
and  probably  produced  by  cell-division  from,  some  of  these  (fig.  231,  g), 
rounded  cells  {neuroblasts)  make  their  appearance,  the  remaining 
elongated  cells  forming  the  xponginbJasts.    Soon  fcom  each  neuroblast 
a  process  begins  to  grow  out  (fig.  231,  v,  and  fig.  232).    This  is 
the  axon,  and  it  is  soon  characterised  by  an  enlarged  extremity 
{incremental  cone)  (fig.  233,  A,  h ;  fig.  234,  b,  c).    As  it  grows,  it  may 
emerge  from  the  antero-lateral  region  of  the  canal  and  become  the 
axis-cylinder  of  a  motor  nerve  or  anterior  root-fibre.    The  dendrons  of 
the  cell  appear  somewhat  later  than  the  axon.    The  axis-cylinder 
processes  of  some  of  the  neuroblasts  remain  within  the  nerve-centre, 
and  are  developed   into  commissural,  association,  and  intercentral 
fibres.    Harrison  has  directly  observed  the  outgrowth  of  the  axon 
processes  of  the  neuroblasts  of  the  amphibian  larva  in  isolated  neuro- 
blasts examined  in  serum  under  the  microscope.    They  can  also  be 
seen  growing  from  the  ends  of  the  developing  nerve-fibres  in  the  tail 
of  the  tadpole. 

The  sprouts  from  the  neural  crest  contain  the  neuroblasts  from  which 
the  posterior  root-fibres  are  developed.    Axons  grow  out  from  these 
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neuroblasts  iii  two  directions,  so  that  the  cells  become  bipolar  (fig.  23.'5). 
One  set  of  processes,  forming  the  posterior  root-fibres,  grow  into  the 


Fi(i.  230. — Clositre  of  nehkaIj  canai.  uf  human  embryo,  showtnh!  the 

CELLS  OF  THE  NEURAL  CREST  BECOMING  SEPARATED  Til  FORM  THE  OERMS 
OF  THE  SPINAL  (iANOLIA.      (v.  LenllOSSek.) 

A,  canal  still  ojien  ;  B,  canal  closed. 


Fii;.  2.S].  Fio.  232. 


Fill.   2'M.      iSHCTfdN   (IF   NEUHAl,  El'TTHELlUM   IIF  EARLY   EMIIRVO.  (His.) 

Highly  nia^jnilied  view  of  (lart  of  a  section,  at  the  time  of  the  llrst  differentiation  of 
llie  neui-olilasts,  showing'  x'.  snonjfework  fonne<l  of  llie  outer  ends  of  columnar 
epithelium  cells,  «;  fi,  rounded  "germinal  cells"  in  process  of  division  (prohahly 
to  form  neurohla-sts) ;  71,  a  neuroblast. 

FkI.   232. — NeUKOBLASTS  from   a   l-Ki-EMltKYO,    SlKIWlNli   THREE  .STACKS  OF 

DEVFi.opMKNT.    (( !iu-wilscli,  after  Scott. )    Higlil.v  in.agnifiod. 

dorsal  portion  of  the  spinal  cord  and  ramify  in  the  developing  grey 
matter ;  tlie  othei-  set,  (containing  the  afierent  fibres  of  the  spinal 
^lerves,  grov  towards  the  developing  ventral  roots,  and  eventually 
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rain-le  with  them  to  form  the  mixed  nerves.  As  development  pro- 
ceeds, the  bipolar  ganglion  cells  become  gradually  transformed  in  most 
vertebrates,  by  a  shifting  of  the  two  axons,  into  unipolar  cells  (fig. 
235,  h,  i,  j ;  fig.  236) ;  but  in  some  fishes  the  cells  remain  permanently 
bipolar  ('fig.'  206).  This  is  also  the  case  with  the  ganglion-cells  of  the 
eighth  cranial  nerve  (ganglion  of  Scarpa  and  ganglion  of  the  cochlea). 
"  The  ganglia  on  the  sympathetic  and  on  other  peripheral  nerves  are 


Fic.  2M. 


FiC    2.33  —  SFf'TION  OF  SriNAI,  rORD  OF  CHIfK  OF  THIRD  HAY  OF  INCrUATION. 

(Cajal.) 

\,  anterior  root-nbres  formed  by  oiitgrowtlis  of  motor  neuroblasts,  c,e  :  B,  posterior 
root-filires  formed  bv  insfrowths  of  bipolar  sensory  neuroblasts,  o,  in  ganglion  rudi- 
ment ■  a,  early  neufobla.sts ;  ft,  neuroblast  giving  rise  to  a  commissural  nerve-hbre, 
d  ;  h,  i,  enlarge<l  ends  of  growing  axons ;  e,  c.  neuroblasts  of  which  the  dendrons  are 
beginning  to  appear. 

Fi<!.  234. — Nei'rohlasts  from  thk  si-inai.  cord  of  a  thiro-dav  ciikk 

EMBRYO.    (Cajal. ) 

A  three  neuroblasts,  stained  bv  Cajal's  reduced  silver  method,  showing  a  network  of 
iieuro-fibrils  in  the  cell-body ;  a,  a  bipolar  cell.  B,  a  neuroblast  stained  by  the 
method  of  Golgi,  showing  the  incremental  cone,  c. 

developed  from  small  masses  of  neuroblast  cells  which  have  wandered 
along  the  course  of  the  out-growing  nerve-fibres,  and  give  origin  to 
axons  and  dendrons  much  in  the  same  way  as  do  the  neuroblasts  within 
the  central  nervous  system. 

The  manner  in  which  the  medullary  sheath  and  neurolemma  of  the 
nerve-fibres  are  formed  is  not  fully  understood.  It  is  probable  that  the 
medullary  substance  at  any  rate  is  formed  by  the  axis-cylinder  itself, 
although  the  neurolemma  with  its  nuclei  may  be  derived  from  cells 
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which  have  either  wandered  out  from  the  neurol  ectoderm  or  are  of 
mesodermic  origin. 


Fid.  23.5. — Spinal  and  sympathetic  ganglia  and  part  of  spinal  nmn 

OF  CHICK  OF  seventeenth  DAT  OF  INCUBATION.  (Cajal.) 

A,  .antero-lateral  part  of  spinal  cord  with  d,  a  motor  nerve-cell ;  the  tihres  of  the  anterior 
root  are  seen  emerging  and  passing  to  B  (the  connection  appears  interrupted 
in  the  section);  C,  posterior  root  formed  of  fihres  which  have  grown  from  the 
ganglion-cells  in  D,  spinal  ganglion ;  E,  mixed  spin.al  nen  e ;  F,  sympathetic 
ganglion ;  a,  a,  axons  of  s.Mnpathetic  cells,  passing  to  join  the  spinal  nerve ;  b,  den- 
drons  of  these  cells ;  e,  axons  passing  to  the  s.nnpathetic  cord  ;  h,  cells  of  spinal 
ganglion  still  bipolar;  i,  i,  bipolar  cells  becoming  transformed  into  unipolar: 
e,  unipolar  cell  with  T-junction  ;  /,  section  of  an  artery  ;  .7,  borly  of  vertebra. 


Fio.  236.— Spinal  (:aniii,i()S-cki,i.s  showing  transitions  from  itiriii.vi; 
TO  UNIPOLAR  CONDITION.  (Holmgren.) 

The  neuroglia-colls  appear  to  be  developed  from  ectoderm  cells 
(spongioblasts)  of  the  M'all  of  the  neural  canal,  which,  in  place  of 
giving  off  axon  and  dendrons  like  the  neuroblasts,  send  out  a  number 
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of  fine  processes  in  all  directions  from  the  cell  to  form  the  fibres  of 
the  neuroglia.  It  is  held  by  some  authorities  that  the  neuroglia  has  a 
double  origin,  some  of  the  cells  with  unbranched  processes  being 
developed  from  ectoderm  and  the  others  from  mesoderm. 

Some  neurologists  are  of  opinion  tluit  the  nerve-fibres  do  "ot  g^'o^J 
from  single  nerve-cells  in  the  manner  above  described,  but  are  ^"'"'ed 
chains  of  cells  which  emerge  from  the  neural  ectoderm  oi'  from  the  gang hon- 
rudiments,  and  join  end  to  end  into  a  syncytium,  which  gradually  lengthens 
out  into  the  nerve-fibre,  the  nuclei  of  the  syncytinn.  becoming  the  nuclei 
of  the  neurolenuna,  and  the  protoplasm  of  the  syncytium  becoming 
differentiated  into  axis-cylinder,  medullary  sheath  and  neurolemma  as 
development  advances.  Others,  whilst  agreeing  that  the  ax.s-cyhndeis 
arow  out  as  cell  processes  from  the  neuroblasts  of  the  neural  canal  and 
Sancrlia,  describe  those  out-growing  processes  as  surrounded  by  other  neural 
ectoclerm  cells-^mma/  ce/^s-which  accompany  them  m  their  progress 
through  the  tissues,  multiplying  as  they  proceed,  and  forming  eventually 
the  nucleated  sheath  of  the  medullated  nerve. 


THE  ESSENTIALS  OF  HISTOLOGY. 


LESSON  XIX. 
MODES  OF  TERMINATION  OF  NERVE-FIBRES. 

1.  Shell  out  a  Pacinian  coipuscle  from  a  piece  of  cat's  mesentery,  wliich 
may  either  be  fresh  or  may  have  been  kept  for  two  or  thi'ee  days  in  P^i' 
cent,  chromic  acid  or  in  5  j)er  cent,  formol.  Clear  it  as  much  as  possiole 
of  adliering  fat,  but  be  careful  not  to  prick  or  otherwise  injure  the  corpuscle 
itself.  Mount  in  water  or  saline  with  a  thick  hair  to  prevent  crushing  with 
the  cover-glass.  Sketch  the  corpuscle  under  a  low  jDowei',  and  afterwards 
draw  under  a  high  power  the  part  of  the  core  where  the  nerve  enters  and  the 
part  where  it  terminates.  Notice  the  fibrous  structm'e  of  the  lamellar  tunics 
of  the  corpuscle  and  the  oval  nuclei  belonging  to  flattened  epithelioid  cells 
which  cover  the  timics.  The  distinct  lines,  which  when  seen  in  the  fresh 
corpuscles  are  generally  taken  for  the  tunics,  are  really  the  optical  sections 
of  these  flattened  cells. 

2.  Pacinian  corpuscles  may  often  l^e  observed  in  sections  of  skin  in  the 
subcutaneous  tissue  ;  tactile  corpuscles  may  be  seen  in  the  papillffi  of  the 
palmar  surface  of  the  hand  and  fingers. 

3.  Dissect  ofi'  a  small  portion  of  conjunctiva  from  the  eye  of  a  calf  or  other 
animal.  Spread  it  out  on  a  slide  with  the  under  surface  uppermost,  and 
place  upon  it  a  di-op  of  1  jDer  1000  methylene  blue  solution.  Watch  the  pre- 
paration with  a  low  power  until  the  nerve-fibres  come  into  view,  then  cover 
and  trace  them  with  the  high  power.  They  will  be  seen  to  end  in  elongated 
end-bulbs. 

Somewhat  similar  endings  can  be  shown  in  the  same  manner  in  a  piece  of 
parietal  pei'itoneum  stripped  oft'  and  laid  out  flat  ii]5on  a  slide  and  mounted 
in  methylene  blue  solution. 

4.  Study  the  coi'puscles  of  Grandry  and  of  Herlist  in  sections  of  the  skin 
covering  the  duck's  bill. 

5.  Mount  in  dilute  glyceiine  sections  of  a  rabbit's  cornea  which  luis  been 
stained  with  chloride  of  gold  by  Klein's  method.  Notice  the  arrangement  in 
ple.xuses  of  the  darkly-stained  nerve-fibres  and  fibril.s,  (1)  in  the  connective- 
tissue  .substance,  (2)  under  the  epithelium,  and  (3)  between  the  epithelial 
cells.  Make  one  or  two  sketches  showing  the  arrangement  of  the 
fibrils. 

6.  Spread  out  a  small  piece  of  nuisttle  which  has  been  stained  with  diloride 
of  gold  by  Liiwit's  method,  or  witli  liicmatoxylin  by  Sihler's  method,  and 
examine  it  with  a  low  power  to  find  tlie  nei-ve-Hbres  crossing  the  nniscular 
Kbres  and  distributed  to  tliem.  Occasionally  the  nerve-fibres  which  end  i)i 
the  muscle-spindles  may      obsei  ved. 

The  ])ieces  of  muscle  are  advantageously  thinned  out  for  observation  by 
pre.ssui'e  u))on  the  cover-glass.  Searcli  thoioiighly  for  tlie  close  terminal 
ramifications  (end  plates)  of  the  axis-cylinders  ininiedialely  within  tlie  sarni- 
lennna. 

The.se  nerve-endings  as  well  as  otliors  el.sewhere  can  also  he  dis|ilayed  in 
preparations  made  by  Hhrlich's,  Golgi's,  or  (Jajal's  luetliods  (see  Appendix). 
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Modes  of  ending  of  sensory  nerve-fibres. -Nerve-fibres  which  are 
distributed  to  sensory  parts  end  either  in  special  onjans  or  m  free 
terminal  ramijicatiam,  these  last  being  usually  in  epithelia.  Within  the 
special  organs  the  actual  nerve-ending  is  also  generally  ramified. 

Nerve-endings  in  special  connective-tissue  organs. —Three  chief 
kinds  of  these  special  organs  are  usually  described,  represented  in  man 
by  Facinian  corpuscles,  tactile  corpuscles,  and  end-bulbs.  The  type  is  the 
same  in  all :  a  laiiiellated  connective-tissue  caijsule  inclosing  a  core  of  a 


Km; 


'Ml. 


Fid.  238. 


Fifi.  237.— Tactile  corpuscle  within  a  pArii.LA  ok  tue  skin  ok  the 

HAND,  STAINED  WITH  CllLOKIDE  OK  COLD.  (Ranvler.) 

/I,  two  iierve-lil)resi  passsinf  to  the  corpusule  ;  a,  a,  varicose  ramilicatioiis  of  the  axis- 
cylinders  within  the  corpuscle. 

FlC.  238.— SkCTIiIN  UK  a  tactile  CORIMTSCLE,  SHOWINC  the  cells  COMI'OSINC 
THE  CORE  AND  THE  KAMIKICATIONS  OF  THE  AXIS-CYLI  N  DEK  AMONOST  THEM, 

ENDINC  IK  k:brill.vted  enlakcements.    (Van  de  Velde.) 
a,  axis-cylinder ;  b,  capsule  of  coniuscle  ;  c,  a  nerve-teniiination  outside  the  corpuscle. 

soft  material  which  appears  to  be  composed  of  nucleated  protoplasmic 
cells  ;  the  capsule  being  an  expansion  of  the  perineurium,  and  the  core 
an  expansion  of  the  endoneurium  of  the  nerve.  "Within  the  core  tlie 
axis-cylinder  terminates  either  simply  or  by  a  more  or  less  complex 
arborescence.  The  variations  which  occur  are  ciiiefly  due  to  the 
complexity  of  the  capsule,  which  is  simplest  in  the  end-bulbs  and  most 
complex  in  the  Pacinian  corpuscles.  In  the  tactile  corpuscles  and  end- 
bulbs  the  connective  tissue  sheath  of  the  medullated  fibre  expands  to 
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form  a  bulboiiH  eulai-geinent,  which  is  cyHndrical  or  .splieroidal  in  the 
end- bulbs  and  ellipsoidal  in  the  tactile  corpuscles.    In  both  kinds  of 


Fii;.  239. — End-buJjBs  at  tiik  terminations  of  nkkves  in  tue  htm-VN 

CONJUNCTIV.V,  AS  SEEN  WITH  A  LENS.     (Long Worth.) 


Frc.  •24(1. — A  .MEin  i.i.ATKii  i-ninii  tkhminatinc  in  skvekai,  E.ND-nn.ns  in 
THE  iii'iMAN  rnKiTONEi'M.  {A.  8.  Uijgiel.)  M utliylciie  bhio  preparation. 
Low  power. 

end-organ  as  the  nerve-fibre  enters  (which  in  the  tfictile  corpuscle  only 
happens  when  it  has  reached  the  distal  part,  after  having  wound  spirally 
once  or  twice  round  the  corpuscles)  it  loses  its  sheath  and  is  prolonged 
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as  an  axis-cylinder  only ;  tliis  generally  ramifies  and  its  branches  ter- 
minate after  either  a  straight  or  a  convoluted  course  within  the  organ  ; 
but  it  sometimes  remains  almost  unbranched  (see  figs.  237  to  242). 
Tactile  corpuscles  occur  in  some  of  the  papiUse  of  the  skin  of  the  hand 
and  foot,  in  sections  of  which  they  can  be  studied  (see  fig.  332,  p.  262). 
End-bulbs  are  found  in  the  conjunctiva  of  the  eye,  where  in  most  animals 


Fii:.  •2-11.— End-iui-hs  from  tiik  iii'sian  runrroNuriM.    (Dogiel.)  More 
highly  inagiiitied.    Methylene  blue  preparation. 

n,  mcdullatal  Hlire  ;  b,  iiiiclc.ited  laiiiellatol  L-apsule  of  entl-lnill) :  c.  non-inediillatecl  Rhrea, 
probably  destiiiud  for  tbe  capillaries  which  surround  the  end-bulbs. 


Fl(i.  242. — KiSlJ-HULI!  FROiSI  TlllO  CKNTKAL  TENllON  U\-  TIIK  I)IA1'1IKA(!M  OK  TIIK 

DOC.  (Dogiel.)  Showing  be.sicles  the  main  mediiUated  filH-e  terminating 
by  an  arboresoencc  within  the  core,  a  second  very  tine  meduUated  fibre, 
forming  a  more  delicate  arborescence  around  the  ending  of  the  main  fibre 
iu  the  outer  part  of  the  core.    Methylene  bhie  preparation. 

they  have  a  cylindrical  or  oblong  shape,  but  in  man  they  are  spheroidal 
(tig.  239).  They  have  also  been  found  in  papillas  of  the  lips  and  tongue, 
iu  serous  membranes,  in  tendons  and  aponeuroses,  and  in  the  epineurium 
of  the  nerve-trunks ;  and  somewhat  similar  sensory  end-organs  {genital 
corpuscles)  also  occur  in  the  integument  of  the  external  genital  organs  of 
both  sexes  (fig.  243).  Similar  bodies  of  larger  size  are  also  met  with 
in  the  neighbourhood  of  the  joints  (articular  curpuscles).    In  the  skin 
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covering  the  bills  uf  certain  birds  {e.(j.  duck),  a  simple  form  of  end-organ 
(corpusc/e  of  Grtindrij,  fig.  244)  occurs,  consisting  of  two  or  more  cells 
arranged  in  rows  within  a  capsule,  with  the  axis-cylinder  terminating 
in  flattened  expansions  {tactile  disks)  between  the  cells. 

The  Pacinian  corpuscles  are  larger,  and  have  a  more  complex 
structure,  than  the  tactile  corpuscles  and  end-bulbs  (fig.  245).  They 
are  composed  of  a  number  of  concentric  coats  arranged  like  the  layers 
of  an  onion,  and  inclosing  the  prolonged  end  of  a  nerve-fibre.  A  single 
medullated  nerve-fibre  goes  to  each  Pacinian  corpuscle,  encircled  by 
a  prolongation  of  the  perineurium  {sheath  oj'  Heti/e),  and  within  this  by 


Fic.  244. — Gk.\_sdky  lokpuscles  kkh.m 
TUK  puck's  TONftUE.    (Izquierdo. ) 

A,  composed  of  thiee  ix-lls,  witli  two  inttT- 
liosed  disks,  into  wliicli  the  axis-cvlinder  of 
tile  nerve,  n,  is  oljserved  to  pass ;  in  B  there 

VlU.  243.-END-UULB  FKOM  THE  lil.ANS  j^.S, "^IL!"'"'' 

PENIS,    SHOWINC;    ESDINd    01''  AXIS- 

CYLiNDEK.    Methj'lene  blue  prepara- 
tiou.    (Dogiel. ) 
«,  medullated  iiervu-Kbre  ;  b,  slieath  of  und-bulli. 

endoneurium  ;  when  it  reaches  the  corpuscle,  of  wliich  it  appears  to 
form  the  stalk,  the  lamellre  of  the  perineurium  expand  into  the  tunics 
of  the  capsule.  The  nerve  passes  on,  piercing  the  tunics,  surrounded 
by  endoneurium,  and  still  provided  with  medullary  sheath,  to  reach 
the  central  part  of  the  corpuscle.  Here  the  endoneurium  is  prolonged 
to  form  a  core  of  cylindrical  shape,  along  the  middle  of  which  the 
nerve-fibre,  now  deprived  of  its  medullary  sheath  and  neurolemma, 
passes  in  a  straight  course  as  a  simple  axis-cylinder  (figs.  245,  //' ;  247, 
c./)  to  tei-minate  at  the  farther  end  of  the  core,  either  in  an  arborisation 
or  in  a  bulbous  enlargement.  In  its  course  through  the  core  it  may 
give  off'  lateral  ramifications,  which  penetrate  to  all  parts  of  the  core, 
and  themselves  end  in  fine  branches. 
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Besides  the  luedullated  iibre,  whieli  is  always  very  conspicuous,  it  lias  been 
shown  that  both  the  Pacinian  and  Herbst  corpuscles  receive  in  addition  a 
fine  non-medullated  nerve-Hlire,  which  arborises  over  the  outer  surface  of  the 
core.  A  sirailai'  arrangement  also  obtains  in  Grandiy's  corjjuscles,  where  the 
tactile  cells  are  suiTouuded  with  such  au  arboi'isation  (Dogiel  aud  others). 


Fk;.  245. — Ma(jniI'IKI)  vikw  of  a  p.\cinian  body  from  tmk  cat's  meskntkuv. 

(Ranvier. ) 

n,  stalk  of  corpuscle  with  nerve-fibre,  inclosed  in  slieatli  of  Henle,  passing  to  the 
corpuscle;  n',  its  continuation  throu(jh  the  core,  «i,  as  a.\is-cylin(ler  only;  a,  its 
terminal  arborisation  ;  c,  d,  sections  of  epithelioid  cells  of  tunics,  often  mistaken  for 
the  tunics  themselves ;  /,  channel  throujih  the  tunics  which  expands  into  the  core  of 
the  coriiuscle. 

13 
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The  tunics  of  the  capsules  are  composed  of  connective  tissue,  the 
fibres  of  which  for  the  most  part  run  circularly.  They  are  covered 
ou  both  surfaces  with  a  layer  of  flattened  epithelioid  cells  (fig.  248), 
and  here  and  there  cleft-like  lymph-spaces  can  be  seen  between  them 
like  those  between  the  layers  of  the  perineurium. 

Pacinian  corpuscles  occur  in  many  parts,  e.g.  in  the  deeper  layers  of 
the  skin  of  the  hands  and  feet,  in  the  periosteum  of  some  bones,  in 
the  neighbourhood  of  tendons  and  ligaments,  in  the  connective  tissue 


Fio.  246.— Section  of  pacinian  corpuscle.  (Szymoncwicz.) 

e,  one  of  the  la.yers  of  epithelioid  cells ;  ?l,  nucleus  of  epithelioid  cell.  It  is  seen  that  the 
tunics  arc  very  closely  packed  around  the  core,  in  the  middle  of  which  the  axial-nurc 
is  cut  across. 

at  the  back  of  the  abdomen,  and  (in  the  cat)  very  numerously  in  the 
mesentery,  where  they  are  most  easily  got  for  observation. 

A  simple  form  of  Pacinian  corpuscle  with  fewer  tunics  and  a  core  formed 
of  regularly  arranged  cells  occurs  in  bu'ds  {corpuscles  of  Herbst,  tig.  249). 

Although  most  of  the  nerve-endings  in  connective-tissue  structures 
are  enclosed  within  lamellated  capsules,  nerves  are  found  to  end  in 
some  situations  in  arborisations  between  the  bundles  of  connective- 
tissue  fibres.  This  has  been  shown  by  Dogiel  to  occur  in  intermuscular 
connective-tissue  septa  (fig.  250)  •  and  in  serous  membranes  (fig.  251) ; 
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in  the  latter  such  arborisations  maybe  quite  superficial  and  placed  just 
below  the  endothelium. 

Organs  of  Ruflani.— These,  which  resemble  long  cylindrical  end-bulbs, 
are  composed  of  connective-tissue  bundles,  within  wliich  the  axis- 
cylinders  of  the  nerves  ramify,  and  end  in  flattened  expansions.  They 
occur  commonly  in  the  subcutaneous  tissue  of  the  human  finger  (figs. 
252,  253).    Other  end-bulb-like  organs,  spheroidal,  oval,  or  cylindrical 


» 


Fic.  247. — Part  of  pacinian  body,  sho%ving  the  nkrve-fibre  entering 
THE  core.    From  an  osmic  acid  prep.\ration. 

inSi  entering  nerve-fibre,  the  medullary  sheath  of  which  is  stained  darkly,  and  ends 
abruptly  at  the  core,  c ;  ps,  prolongation  of  primitive  sheath  or  neurolemma  jjassing 
towards  the  outer  part  of  the  core ;  cf,  axis-cylinder  passing  through  the  core  as 
the  central  fibre ;  e,  some  of  the  inner  tunics  of  the  corpuscle,  enlarged  where  they 
abut  against  the  canal  through  which  the  nerve-fibre  passes — the  dots  within  them 
are  sections  of  the  fibres  of  which  they  are  composed ;  n,  nuclei  of  the  tunics ; 
n',  nuclei  of  the  cndoneurium-cells,  continued  by  others  in  the  outer  part  of  tlie 
core. 

in  form,  have  been  described  by  Ruffini  under  the  name  of  Golgi- 
Mazzoni  corpuscles  (fig.  254) ;  they  appear  to  be  varieties  of  the 
ordinary  end-bulb  of  W.  Krause.  They  occur  in  tendons  and  in  the 
.subcutaneous  tissue  of  the  pulp  of  the  finger. 

Organs  of  Golgi. — A  special  mode  of  nerve-ending  is  met  with  in 
many  tendons,  near  the  points  of  attachment  of  the  muscular  fibres. 
The  tendon-bundles  become  somewhat  enlarged   and    split  into  a 
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Fig.  248.— Pacinian  corpuscle  fkom  the  cat,  stained  wits 
SILVER  NITRATE.    (Drawn  by  G.  C.  Henderson.) 


Fig.  249.— Hbbbst  corpuscle  of  duck.    (Sobotta.)  x.SSO. 
n  mcdullatcd  nervc-nbrc ;  a,  its  nxis-cvliiirter,  tcrmiimtiiiir  in  nn  cnlftti^ciiicnl,  (it  eiul 
of  TOrc  ;  c  nuclei  of  cells  of  core  ;  f,  nuclei  of  cells  of  outer  tunics ;  t',  n.ncr  tunics. 
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'^^  -< 


Fig.  250. — Terminal  arboris.\tion  from  the  intermuscular  connective 
tissue  of  the  rectus  abdominis  of  the  rabbit.    methylene  blue 

PREPARATION.     (Dogiel. ) 


Fio.  251. — Terminal  arborisation  from  the  superficial  layer  of  the 

PERITONEUM  OF  THE  RABBIT.      METHYLENE  BLUE  PREPARATION.  (Dogiel.) 

a,  medullated  fibre  ;  b,  fibre  connecting  the  arborisation  with  another  one 
not  here  represented. 


Fui.  252. — An  organ  of  ruffini  from  the  subcutaneous  tissue.  (Ruffini. 
n,  entering  nerve -fibres ;  a,  a,  ending  of  their  axons ;  c,  e,  capsule  of  organ  ;  c',  core. 
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number  of  smaller  fasciculi,  and  the  nerve-fibres — one,  two,  or  even 
more  in  number — pass  to  the  enlarged  part,  and  penetrating  between 
the  fasciculi  of  the  tendon  lose  their  medullary  sheaths,  while  the 
axis-cylinders  end  in  a  terminal  arborisation,  beset  with  irregular 


Fig.  253.— a  NEmns-FiBRE  is  shown  nmDiNR  into  st:\t!S  secondary  fibres 
TO  WHICH  ARE  ATTACHED  FIVE  ORGANS  OF  RUFFiNi.    (Barker,  after  Ruffini.) 


Fio.  254.— Organ  of  oolgi-mazzoni  from  subcutaneotts  tissue.  (Ruffini.) 
The  organ  resembles  an  end-bulb  in  general  structure. 

varicosities.  The  structure  (figs.  255,  256)  is  enclosed  within  a 
fibrous  capsule  continuous  with  the  areolar  tissue  covering  the  bundle.s 
of  the  tendon;  and  between  the  capsule  and  the  organ  proper  i.s  a 
lymph-space,  .similar  to  that  which  is  found  in  the  muscle-spindle 
(see  p.  203). 
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Free  nerve  -  endings.  -  When  sensory  nerve-fibres  terminate  in 
epithelium,  they  generally  branch  once  or  twice  in  the  subepithelial 
connective  tissue  on  nearing  their  termination.  The  sheaths  of  the 
fibres  then  successively  become  lost,  first  the  connective  tissue  or 


/ 


Fig.  255.— Organ  of  golgi  from  the  human  tendo  actiim.is.  Cirr.0Rir.K 

OF  GOI.D  PREPARATION.      (Ciaccio. ) 
muscular  fibres  ;  t,  tendon-bundles  ;  G,  Goltci's  organ  ;  n,  two  nerv  e-flbres  passing  to  it. 


Fig.  256.— Organ  of  golgi,  more  highly  m.\gnified.  (Ciaooio.) 
n  entering  nerve-fibre  ;  //,  its  sheath  of  Henle  ;  n,  ci,  rannfication  of  axis-cylinders 
'  between  the  tendon-bundles. 

perineural  sheath,  then  the  medullary  sheath,  and  lastly  the  neuro- 
lemma, the  axis-cylinder  being  alone  continued  as  a  bundle  of  primitive 
fibrils.  This  branches,  and  with  the  ramifications  of  the  axis- 
cylinders  of  neighbouring  nerve-fibres  forms  a  primary  plexus.  From 
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the  primary  plexus  smaller  branches  come  off,  and  these  fonn  a 
secondary  plexus  nearer  the  surface,  generally  immediately  under 
the  epithelium  if  the  ending  is  in  a  membrane  covered  by  that  tissue. 
Finally,  from  the  secondary  plexus  nerve-fibres  proceed  and  foi'in 
terminal  ramifications  amongst  the  tissue  cells  (fig.  257,  p,  h),  the 
actual  ending  being  generallj'  in  free  varicose  fibrils  (b).    This  mode 


Fig.  257. — Vertical  section  of  coenea  stained  ^\^TH  chloride  of 

HOLD.    (Ranvier. ) 

n,  r,  primary  plexus  in  connective  tissue  of  cornea  ;  a,  brancli  passing  to  subepithelial 
plexus,  s  ;  p,  intra-epithelial  plexus ;  6,  tenninations  of  fibrils. 


Fig.  258.— Intea-epithelial  NER^^5-TEEMINATI0NS  in  the  larynx. 
GoLfii  METHOD.    (6.  Retzius.) 

On  the  left  the  epithelium  is  stratified  and  on  the  right  ciliated  columnar. 
n,  nerve-fibres  in  corium. 


of  ending  is  characteristically  seen  in  the  cornea  of  the  eye,  but  can 
also  be  rendered  evident  in  other  epithelia  (fig.  258). 

In  some  situations  the  nerve-fibrils  within  a  stratified  epithelium 
terminate  in  flattened  or  crescentic  expansions  which  lie  in  the  inter- 
stices of  the  deeper  epithelium  cells,  to  some  of  which  they  are  applied. 
These  expansions  are  known  as  tactile  disks;  they  are  character- 
istically developed  in  the  skin  of  the  pig's  snout  (fig.  259),  and  are  also 
found  in  the  outer  root  sheath  of  hairs  and  in  the  deeper  parts  of  the 
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epidermis  in  various  parts.  With  appropriate  treatment  it  may  be 
shown  that  they  consist  of  a  fine  network  of  neuro-fibrils. 


Fit!.  260.— Endinti  of  nekve-fit)res  in  Mrsci.n-si'iNni.E.  (Riiffini.) 

Three  intrafusal  muscle-fibres  arc  sliown.  7i,  nerve-fibres  entering  siiindlc;  a,  axis- 
cylinders  terniinatinff  .around  and  lietween  the  intrafusal  fibres  in  rinsj-like,  sjiiral, 
and  irregularly  ramified  endings. 
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Sensory  nerves  of  muscles. — The  sensory  nerves  of  muscles  end 
in  peculiar  organs  which  were  termed  by  Kuhne  muscle-spindles. 


IS 


^1 


Fir:.  261. 


Fig.  262. 

Fio  261.— Nerve-endings  tpon  the  isTR.\rrs.\i.  muscle- 

FIBRES  OF  A  MOSCLE-SPINDLEOFTHE  RABBIT  ;  MODERATELY 
MAONIFIED.  METHYT.ENE  BLUE  PREPARATION.  (Uogiel.) 
«,  large  inedullated  flbi-e  coming  off  fron.  ••spindle"  "<="-^  ""f  I«^^^'"f 
to  end  in  an  annulo-spiral  termination  on  and  betw  een  tl  e  mtra- 
fSsal  nbres;  6,  a  nne 'medullated  fibre  «ff   ™""^''<'  »  ^ 

stem  and  dividini;.  Its  branches,  c,  pass  towards  tbc  ends  of  the 
muscl^  fibres  an<l^enninate  in  a  number  of  small  localised  flower- 
spray-like  arborisations. 

Fig  262.— An  annulo-spiral  ending  of  intrafusal 
fibre;  highly  magnified.  Methylene  blue  pre- 
paration.   (Dogiel. ) 


SENSORY  NERVES  OF  MUSCLES. 


203 


Their  structure  has  recently  been  specially  investigated  by  Ruffini, 
Huber,  and  Dogiel,  and  also  by  Sherrington,  who  has  shown 
that  the  large  medullated  nerves  which  they  receive  (about  three 
or  four  such  fibres  entering  each  spindle  not  far  from  its  equator), 
are  derived  from  the  posterior  root-ganglia. 

The  muscle-spindle  is  a  fusiform  body,  from  0-75  to  4  mm.  long, 
and  from  0-08  to  0-2  mm.  in  diameter;  it  lies  parallel  with  the 
general  direction  of  the  fibres  of  a  muscle.  It  consists  of  a  lamellated 
connective-tissue  sheath  externally,  within  which  is  a  bundle  (intrafusal 


Fig.  263.— Sexsoby  nerve  terminating  in  arborisations  around  the 
ENDS  OF  muscle-fibres.    (CeccherelH. ) 

bundle)  of  from  two  to  twelve  peculiar  muscle-fibres.  These  form  an 
axial  mass  with  some  connective  tissue  and  the  nerve-fibres ;  between 
this  axial  bundle  and  the  sheath  is  a  lymphatic  periaxial  space,  bridged 
across  by  filaments  of  connective  tissue.  The  intrafusal  muscle-fibres 
are  somewhat  like  embryonic  fibres  in  appearance,  being  smaller  than 
the  ordinary  fibres  of  the  muscle  and  having  a  relatively  large  number 
of  nuclei  with  surrounding  protoplasm,  as  in  the  red  variety  of  muscle. 
At  the  proximal  end  of  the  spindle  they  are  usually  only  two  or  three 
in  number,  but  they  become  cleft  as  they  pass  through  it ;  at  the  distal 
end  they  may  terminate  in  tendon-bundles.  The  nerve-fibres  which 
pass  to  the  spindle  are  mostly  of  large  size ;  they  divide  after  reaching 
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the  intrafusal  bundle,  but  retain  their  medullary  sheath  for  a  time, 
although  eventually  terminating  as  axis- cylinders  merely,  which  wind 
in  a  spiral  manner  around  the  intrafusal  muscle-fibres  (figs.  260,  261, 
262),  which  they  clasp  by  flattened  encircling  branches  {annul o-spiral 
endings).  Other,  much  finer,  medullated  fibres  also  pass  to  the  spindle 
and  terminate  in  neighbouring  parts  of  the  intrafusal  bundles  in  flower- 
like or  plate-like  expansions  (fig.  261).  According  to  some  observers 
these  fine  fibres  are  prolonged  from  the  annulo-spiral  endings  of  the 
coarser  fibres ;  but  Dogiel  states  that  they  may  run  independently  to 
the  intrafusal  bundle.  No  motor  nerve-fibres  appear  to  pass  into  the 
spindles,  unless  the  fine  fibres  above  mentioned  are  to  be  so  regarded. 


A  B 


Fig.  264. — Nerve- ending  in  muscular  fibre  of  a  i,iz.\rd  (Lacerta 
viridis).    (Kiihne. ) 

A,  end-plate  seen  edgeways ;  B,  from  the  surface ;  s,  s,  sarcolemma ;  p,  p,  expansion  of 
axis-cylinder.  In  B  the  expansion  of  the  axis-cylinder  appears  as  a  clear  network 
branching  from  the  divisions  of  the  medullated  fibres. 

nor  do  the  muscle-fibres  of  the  spindle  undergo  atrophy  on  section  of 
the  motor  nerve-roots,  as  is  the  case  eventually  with  the  ordinary 
muscle-fibres.  It  is  not  uncommon  to  find  two  or  three  spindles  close 
together  or  even  inclosed  in  a  common  sheath.  Muscle-spindles  are 
few  in  number  in  the  eye-muscles,  and  have  not  yet  been  found  in  the 
muscles  of  the  tongue,  but  otherwise  their  occurrence  is  general. 

In  the  frog  both  motor  ami  .sensory  nerve.s  may  terminate  in  and  between 
tlie  same  muscle-fibres,  but  at  different  parts  of  the  fibre.  It  is  not  known 
wliether  the  muscle-iibres  of  the  spindles  also  receive  motor  nerves  m 
mauuuals. 

Another  kind  of  ending  of  sensory  fibres  in  muscle  has  been  described 
by  Ceccherelli,  in  the  form  of  an  arborisation  of  nerve-fibrils  around  tlie 
ends  of  the  muscle-fibres  which  are  inserted  into  tendon  (fig.  263). 
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Ending  of  motor-nerves.— The  motor-nerves  to  muscles  terminate  in 
fine  ramifications  of  the  axis-cylinder;  in  striated  (voluntary)  muscles 
the  ramification  is  localised  in  special  organs  termed  motor  e-i^-onjans,  or 
less  correctly,  end-plates. 

In  voluntary  muscle,  the  nerves,  which  are  always  medullated, 
terminate,  as  just  stated,  in  special  end-organs  (figs.  264  to  266).  A 
medullated  fibre  will  branch  two  or  three  times  before  ending,  and  then 
each  branch  passes  straight  to  a  muscular  fibre.  Having  reached  this, 
the  neurolemma  of  the  nerve-fibre  is  continued  into  the  sarcolerama  of 
the  muscle,  the  medullary  sheath  stops  short,  and  the  axis-cylinder  ends 


Fll;.  265.— MoTOK  ^■EK\E-KNDl^•liS  IN  THE  ABDOMINAL  MUSCLES  OF  A  KAT. 

C4oLU  PREPARATION.    Magnified  170  diameters.  (SzynioiwvYicz.) 

in  a  close  terminal  ramification  with  varicose  expansions  upon  its 
branches.  This  ramification  is  embedded  in  a  layer  of  granular 
nucleated  protoplasm  (solo)  (fig.  266,  b),  probably  a  development  of  the 
sarcoplasm  of  the  muscle.  In  some  cases  the  ramification  is  restricted 
to  a  small  portion  of  the  muscular  fibre,  and  forms  with  the  granular 
bed  a  slight  prominence  {emine^ice  of  Doycre).  This  is  the  case  in  insects 
and  mammals.  In  the  lizard  the  ramification  is  rather  more  extended 
than  in  mammals,  whilst  in  the  frog  it  is  spread  over  a  considerable 
length  of  the  fibre.  The  ramification  shows  a  fibrillar  structure,  which 
is  especially  evident  at  the  enlargements.  In  mammals  there  appears 
to  be  only  one  end-plate  to  each  fibre,  while  in  reptiles  there  may  be 
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several.  The  end-plate  i.s  covered,  externally  to  the  sarcolemma,  by  an 
expansion  of  the  sheath  of  Henle  of  the  nerve-fibre  (ielolemma). 


Fkj.  266. — Motor  END-OBfiAX  of  a  lizard,  hold  preparation.  (Kiihne.) 

n,  nerve-flbre  dividing  as  it  approaches  the  end-organ ;  r,  ramification  of  axis-cylliider 
upon  6,  granular  bed  or  sole  of  the  end-organ ;  m,  clear  substance  surrounding 
the  ramifications  of  the  axis-cylinder. 


Fkj.  267.— Ending  of  nkrve-fibrils  over  plai.n  musclk-cklls. 
(Hubcr  and  dc  Witt.) 

a.  fibrils  passing  to  their  tern.inalion  ;  b,  a  terminal  fibril ;  c,  a  branch  passing  to  another 
muscle-cell ;  Ji,  nuclei  of  cells. 

In  involuntary  muscle,  both  plain  and  cardiac  (fig.  268),  the  nerve- 
fibres,  which  near  their  termination  are  entirely  non  medullated,  end  in 


NERVES  OF  INVOLUNTARY  MUSCLE.  20/ 

plexuses  The  primary  plexuses  are  generally  furnished  with  ganglion- 
cells  in  abundance.  Such  gangliated  plexuses  are  best  developed  in 
connection  with  the  intestine.    From  the  cells  of  these  plexuses  other 


Fiii.  268.— Ending  of  sekve-kibees  in  cakdiac  muscle.  (Smirnow.) 

nerve-fibres  pass  which  form  secondary  plexuses  and  terminal  ramifica- 
tions amongst  the  contractile  fibre-cells,  to  the  surface  of  which  the 
endings  of  the  branches,  often  slightly  enlarged,  are  applied  (Huber 
and  de  Witt). 
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LESSON  XX. 

STRUCTURE  OF  THE  LARGER  BLOOD-VESSEL,^. 

1.  Sections  of  a  luedium-sized  periplieial  ai-teiy  aud  vein,  e.g.,  popliteal  or 
ladial.  In  this  piepaiation  the  limits  of  the  vascular  coats  can  be  well  seen 
aud  also  the  differences  which  they  present  in  the  arteries  and  veins  respec- 
tively. The  sections  may  be  stained  with  htemalum  and  eosin  or  with  orcein, 
and  mounted  in  dammai'  oi'  xylol  balsam. 

2.  Mount  in  xylol  balsam  or  dammar  a  thin  slice  cut  fiom  the  inner 
surface  of  a  large  artery  which,  after  having  been  cut  open  longitudinally 
and  washed  with  distilled  water,  has  been  rinsed  with  nitrate  of  silver 
solution  and  then  with  distilled  water  and  exposed  for  a  minute  or  two  to 
sunlight.  It  should  then  be  hardened  in  alcohol,  or  it  may  be  exposed  in  this 
to  the  light.  This  pi'eparation  will  show  the  outlines  of  the  epithelium-cells 
which  line  the  vessel.   A  similar  preparation  may  be  made  from  a  large  vein. 

3.  A  piece  of  an  artery  which  has  been  macerated  for  some  days  in  33  per 
cent,  alcohol  is  to  be  teased  so  as  to  isolate  some  of  the  niusculai-  cells  of  the 
middle  coat  and  portions  of  the  elastic  layers  (networks  and  fenestrated 
membranes)  of  the  inner  and  middle  coats.  The  tissue  may  be  stained 
cautiously  with  diluted  hcBiualuni,  and  glycerine  afterwards  added.  The 
muscular  cells  are  recognisable  by  their  irregulai-  outline  and  long  rod- 
shaped  nuclei.  Sketch  one  or  two  and  also  a  piece  of  the  elastic  network  or 
of  fenestrated  membrane.  The  fenestrated  membrane  is  best  obtained  from 
one  of  the  arteries  of  the  base  of  the  brain ;  it  is  also  well  seen  in  the  arteries 
within  the  kidney. 

4.  Transverse  sections  of  aorta  and  carotid.  Notice  the  differences  in 
structure  between  these  and  the  section  of  the  smaller  artery. 

.5.  Transverse  section  of  vena  cava  inferior.  Notice  the  comparatively 
thin  layei'  of  cu'cular  muscle,  and  outside  this  the  thick  layer  of  longitudinal 
niusculai'  bundles  in  the  adventitia. 

Make  sketches  from  1,  4,  and  5  under  a  low  power,  from  2  and  3  under  a 
high  power. 

An  artery  is  usually  described  as  being  composed  of  three  coats,  an 
inner  or  elastic,  a  middle  or  muscular,  and  an  externcd  or  areolar  (figs. 
269,  270,  b,  c,  d).  It  is,  however,  more  correct  to  describe  the  wall  of 
an  artery  as  being  mainly  composed  of  muscular  and  elastic  tissue,  lined 
internally  by  a  pavement  epithelium  {endotMium),  and  strengthened 
externally  by  a  layer  of  connective  tissue  (adventifin). 

The  inner  coat  {tunica  intima)  is  lined  by  a  thin  layer  of  pavenunt 
epithelium  {endotheliuvi),  the  cells  of  which  are  somewhat  elongated 
in  the  direction  of  the  axis  of  the  vessel  (fig.  271),  and  form  a  smooth 
lining  to  the  tube.    After  death  they  become  easily  deUched. 


STRUCTURE  OF  ARTERIES. 


The  endothelivim  is  the  essential  layer  in  all  blood-vessels.  It  is  always 
the  first  part  to  be  developed,  and  in  some  it  remains  as  the  only  layer  ot 
the  vessel  This  is  the  case  with  all  true  capillaries  and  with  certain  veins 
and  also  with  the  lacunar  spaces  or  sinusoids,  which,  as  Minot  has  pointed 
out,  take  the  place  of  capillaries  in  certain  parts  {e.c/.  in  the  liver,  the 


Fig.  269.— Section  of  renal  arteey  of  dog.    (G.  Mann.)    Low  power 

photograph. 

The  elastic  layer  of  the  thin  inner  coat  is  thrown  into  corrugations  by  the  post  mortem 
contraction  of  the  middle  coat.  The  distinction  between  middle  coat  and  adventitia 
is  well  shown.  Some  branches  of  the  renal  nerves  are  seen,  cut  across,  in  the  tissue 
around  the  artery. 


Fio.  270. — Transverse  section  of  part  of  the  wall  of  the  posterior 
TIBIAL  artery.    75  diameters. 

a,  epithelial  and  subepithelial  layers  of  inner  coat ;  b,  ela.stic  layer  (fenestrated  membrane) 
of  inner  coat,  appearing  as  a  bright  line  in  section  ;  c,  nmscular  layer  (middle  coat)  ; 
d,  outer  coat,  consi-sting  of  coimective-tissue  bundles.  In  the  interstices  of  tlie 
bundles  are  some  connective-tissue  imclei,  and,  especially  near  the  nuiscular  coat,  a 
number  of  elastic  fibres  cut  across. 

medulla  of  the  suprarenal  capsules  and  the  Wolffian  body  of  the  embryo)  ; 
it  is  also  true  of  the  sinuses  of  erectile  tissue,  as  well  as  the  sinus-like 
blood-vessels  which  are  met  with  in  invertebrates.  In  some  structures  the 
endothelial  layer  of  the  blood-vessels  is  imperfect,  viz. :  in  the  capillaries  and 
blood-sinuses  of  the  spleen,  the  placental  mucous  membrane  of  the  pregnant 
uterus,  and  probably  the  sinusoids  (capillaries)  of  the  livei'  ;  in  these  places 
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the  blood  tiiula  its  way  into  the  interstices  of  the  organ  anil  comes  in  direct 
contact  with  the  tissvie-cells. 

Next  to  the  endothelium  comes  an  elastic  layer  in  the  form  either  of 
elastic  networks  (fig.  273)  or  of  a  fenestrated  membrane  (fig.  272).  In 


Fiu.  271.— Epithelial  layer  lining 

THE     POSTERIOR     tibial  ARTERY. 

250  diameters. 


Fig.  272. — Portion  or  fenestrated 

MEMBRANE  OF  HENLE  FROM  AX 
ARTERY.  (Toldt.) 


Fig.    273.— Elastic    network  of 

ARTERY.     (Toldt. ) 


-piQ,   274. —Muscular  fibre-cells 

FROM  superior  THYROID  ARTERY. 

340  diameters. 


some  arteries  there  is  a  layer  of  fine  connective  tissue  intervening 
between  the  epithelium  and  the  fenestrated  membrane  {subepitkehaJ 

^""^  The  middle  coat  {tunica  media)  consists  mainly  of  circularly  disposed 
plain  muscular  fibres,  but  it  is  also  pervaded  in  most  arteries  by  a 
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network  of  elastic  fibres  which  are  connected  with  the  fenestrated 
membrane  of  the  inner  coat  and  are  sometimes  almost  as  much 
developed  as  the  muscular  tissue  itself.  This  is  especially  the  case 
with  the  larger  arteries,  such  as  the  aorta  and  the  carotid  and  its 
immediate  branches,  but  in  the  smaller  arteries  of  the  limbs  the 
middle  coat  is  composed  almost  purely  of  muscular  tissue.  The 
muscular  fibres  are  comparatively  short,  with  long  rod-shaped  nuclei. 


Fi(i.  275. — Section  of  the  lingual  artery.  (Grlinstein.) 

a,  epithelium  and  subepithelinl  layer  of  inner  coat ;  b,  its  elastic  layer ;  c,  c,  d,  innermost 
and  outermost  layers  of  middle  coat,  with  elastic  fibres  passing'  obliquely  to  join  the 
ela.stie  layers  which  bound  that  coat ;  e,  innermost  part  of  outer  coat  or  advcntitia, 
showing:  many  elastic  fibres  out  across ;  /,  outer  part  of  adventitia. 

and  are  often  irregular  in  shape  (as  in  fig,  274),  especially  if  the 
middle  coat  contains  much  elastic  tissue. 

The  ojtte?-  coat  is  formed  of  connective  tissue  with  a  good  many 
elastic  fibres,  especially  next  to  the  middle  coat.  The  strength  of  an 
artery  depends  largely  upon  this  coat ;  it  is  far  less  easily  cut  or  torn 
than  the  other  coats,  and  it  serves  to  resist  undue  expansion  of  the 
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vessel.  Its  outer  limit  is  not  sharjily  marked,  for  it  tends  to  blend 
with  the  surrounding  connective  tissue ;  hence  it  has  been  termed 
tunica  adventitia. 

Variations  in  structure.— The  aorta  (figs.  276, 277)  diflFers  in  some  respects 
in  structure  from  an  ordinary  artery.  Its  inner  coat  contains  a  considei-able 
tliickness  of  subej^ithelial  connective  tis.sue,  but  the  elastic  layers  of  thi.s 
coat  are  chiefly  composed  of  fine  fibres,  and  are  not  especially*  marked  oil' 
fi'om  those  of  the  middle  coat,  so  that  the  innei'  and  middle  coats  appear 
blended  with  one  another.  On  the  other  hand,  there  is  a  \-ery  great  develop- 
ment of  elastic  tissue  in  the  middle  coat,  foi'ming  membranous  layers  which 
alternate  with  layers  of  the  muscular  tissue.    A  good  deal  of  connective 


Fig.  276. — Section  or  thoracic  aorta  as  seen  under  a  low  povt:r.    (Toldt. ) 

a,  the  inner  coat  consisting  of  three  layers,  viz.  :  1.  Epithelium  seen  as  a  fine  line. 
2.  Subepithelial  layer.  3.  Elastic  layers.  In  the  outer  part  of  the  inner  coat,  at  its 
junction  with  the  middle,  a  layer  of  longitudinal  muscular  fibres  is  represented  as 
cut  across,  b,  middle  coat  with  alternating  layers  of  muscle  and  elastic  mcnibrtmes ; 
c,  outer  coat  with  two  vasa  vasorum. 

tissue  also  takes  pai't  in  the  formation  of  the  middle  coat,  making  this  coat 
unusually  strong.  The  inner  and  middle  coats  constitute  almost  the  entire 
thickness  of  the  wall,  the  outer  coat  being  relatively  thin. 

The  other  variations  which  occur  in  the  arterial  system  have  reference 
chiefly  to  the  development  and  ari'aiigement  of  the  nuiscular  ti.ssue.  Thus  in 
many  of  the  larger  arteries  there  are  a  few  longitudinal  uui.scular  fibres  at 
the  inner  boundary  of  the  middle  coat,  and  in  some  arteries  amongst  the 
circular  fibres  of  the  middle  coat.  This  is  tlie  case  in  the  aorta.  In  the 
part  of  the  umbilical  arteries  within  the  umbiliail  cord  there  is  a  complete 
layer  of  longitudinal  fibres  internal  to  the  circular  fibres  and  another 
external  to  them,  whilst  the  amount  of  elastic  tissue  is  very  small.  Longi- 
tudinal fibres  are  also  present  in  some  other  arteries  (iliac,  superior 
mesenteric,  splenic,  renal,  etc.),  external  to  tlic  circular  fibres,  and  thenefore 
in  the  outer  coat  of  the  artery. 


STRUCTURE  OF  VEINS. 


213 


The  veins  (fig.  278)  on  the  whole  resemble  the  arteries  in  structure, 
but  they  present  certain  differences.  In  the  internal  coat  the  same 
layers  may  be  present,  but  the  elastic  tissue  is  less  developed,  and 


•Fig.  277. — Section  of  aorta  moke  magnified.  (Griinstein.) 

a,  epithelial  and  suliepithelial  la.vera  of  intier  coat ;  b,  c,  outer  layers  of  inner  coat 
containing  many  fine  eio^jtic  fibres ;  d,  e,  parts  of  outer  coat. 
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Fig.  278.  —Transverse  section  of  part  of  the  wall  of  one  of  the 
POSTERIOR  tibial  VEINS  (man).    Aljout  200  diameters. 

a,  e)jithelial,  and  6,  subepithelial  layers  of  inner  coat ;  c,  middle  coat  consisting  of  irregular 
layers  of  muscular  tissue,  alternating  with  connective  tissue,  and  passing  somewhat 
gradually  into  the  outer  connective  tissue  and  elastic  coat,  d. 


a 


,1 


Fig.  279. — Transverse  section  hi  thi;  i.m  khiok  vena  cava  of  the 
DOG.    (Szymonowic/.. )    Magnified  loO  diameters. 

o,  intima  ;  b,  thin  layer  of  circular  muscle  ;  c,  thick  ndyentitia  with  longitudinal 
muscular  bundles ;  d,  a  vas  vosis. 
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may  be  quite  inconspicuous;  it  seldom  takes  the  form  of  a  complete 
membrane.  The  epithelium  cells  are  less  elongated  than  those  of  the 
arteries.  The  middle  coat  (c)  contains  less  elastic  tissue  and  also  much 
less  muscular  tissue,  being  partly  occupied  by  bundles  of  white 
connective-tissue  fibres.  These  are  continuous  with  those  of  the 
external  coat,  which  is  relatively  better  developed  in  the  veins  than 
in  the  arteries,  so  that,  although  thinner,  their  walls  are  often 
stronger. 

Many  of  the  veins  are  provided  with  valves,  which  are  crescentic 
folds  of  the  internal  coat  strengthened  by  a  little  fibrous  tissue: 
a  few  muscular  fibres  may  be  found  in  the  valve  near  its  attachment. 
The  layer  of  the  inner  coat  is  rather  thicker  and  the  epithelium-cells 
are  more  elongated  on  the  side  which  is  subject  to  friction  from  the 
current  of  blood  than  on  that  which  is  turned  towards  the  wall  of 
the  vessel. 

Variations  in  different  veins.— The  veins  vary  in  structure  more  tliau  do 
the  arteries  In  many  veins  longitudinal  muscular  fibres  are  found  in  the 
inner  part  of  the  middle  coat,  as  in  the  iliac,  femoral,  umbilical  ;  the 
umbilical  vein  within  the  umbilical  cord  having  three  muscular  layers  like 
the  corresponding  arteries  ;  it  has  a  well-developed  internal  elastic  layer. 
In  other  veins,  longitudinal  fibres  occur  external  to  the  circularly  disposed 
fibres,  and  may  be  described  as  belonging  to  the  outer  coat.  This  is  the 
case  with  the  abdominal  and  especially  the  hepatic  portions  of  the  inferior 
vena  cava  (fig.  279),  and  to  a  less  extent  with  the  hepatic  veins  and  the  portal 
vein  and  its  tributaries.  In  the  superior  vena  cava,  in  the  upper  part  of  the 
inferior  vena  cava  and  in  the  jugular,  subclavian,  and  innominate  veins 
muscular  fibres  are  almost  entirely  absent  in  the  middle  coat,  and  there  are 
but  few  in  the  adventitia.  The  veins  of  the  pia  mater,  brain  and  spmal 
cord,  retina,  and  bones,  and  the  venous  sinuses  of  the  dura  mater  and 
placenta  have  no  muscular  tissue. 

It  is  only  the  larger  veins,  especially  those  of  the  limbs,  that  possess 
valves.  They  are  wanting  in  most  of  the  veins  of  the  viscera  (although 
occurring  abundantly  in  some  of  the  tributaries  of  the  portal  vein)  in  those 
within  the  cranium  and  vertebral  canal,  in  the  veins  of  the  bones,  and  in 
the  umbilical  vein. 
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LESSON  XXI. 

SMALLER  BLOOD-VESSELS  AND  LYMPH-VESSELS.  SEROUS 
MEMBRANES.  MICROSCOPIC  STUDY  OF  THE  CIRCU- 
LATION.   DEVELOPMENT  OF  BLOOD-VESSELS. 

\.  Take  a  piece  of  pia  mater  which  has  been  fixed  with  2  per  cent,  bichromate 
of  potassium  and  staiued  with  hEematoxylin,  and  separate  from  it  some  of  the 
small  blood-vessels  of  which  it  is  chiefly  composec^  Mount  the  shreds  iu 
dilute  glycerine,  or  aftei'  dehydiatmg  with  alcohol  and  passing  through  clove- 
oil  they  can  be  mounted  in  dammai'  oi'  xylol  balsam.  The  structure  of  the 
small  arteries  can  be  studied  in  this  preparation,  the  nuclei  of  the  epithelium 
and  of  the  musculai'  coat  being  brought  distinctly  into  \iew  by  the  stain. 
The  veins  of  the  -pia.  mater  possess  no  muscular  tissue.  Capillary  vessels 
which  have  been  chugged  out  from  the  brain  iu  lemoving  the  pia  mater 
may  also  be  seen  in  this  preparation.  Sketch  two  small  arteries  of  different 
sizes,  giving  also  their  measurements. 

2.  Mount  in  dammar  or  xylol  balsam  a  piece  of  the  omentum  of  the 
lubbit,  stained  with  silver  nitrate.  The  membrane  should  be  stretched  over 
a  cork  or  a  I'ing  of  wood  or  vulcanite.  Or  it  may  conveniently  be  fixed  by 
spreading  it  over  a  glass  plate,  and  having  brought  its  margins  round  the 
edges  of  the  plate,  place  another  plate  of  the  same  size  at  the  back,  and  bind 
the  plates  together  by  a  couple  of  rubber  bauds  ;  the  exposed  sui-face  can 
then  be  treated  in  the  following  way  :  Rinse  with  distilled  water,  cover  for 
five  minutes  with  1  per  cent,  nitrate  of  silver  solution,  again  wash  with  water 
and  expose  to  sunlight.  When  slightly  staiued,  the  jireparation  is  i-emoved 
fi'om  the  light,  placed  in  spirit,  and  afterwards  tiausferi-ed  to  clove-oil.  Piece.s 
may  now  be  cut  ofl"  from  the  membrane,  spread  flat  on  a  slide,  and  mounted 
in  balsam  or  dammai- ;  they  should  include  one  or  more  blood-vessels. 

This  preparation  is  intended  to  show  the  epithelium  of  the  smaller  blood- 
vessels and  accompanying  lymphatics,  and  also  the  epithelium  of  the  serous 
membrane.    Sketch  a  small  piece  showing  the  epithelium  of  the  vessels. 

3.  Mount  in  balsam  or  dammar  a  piece  of  the  central  tendon  of  the  rabbit's 
diaphragm  which  has  been  piepared  with  silver  nitrate,  the  pleural  surface 
having  been  first  brushed  to  remove  the  superficial  epithelium  and  tlnus 
enable  the  nitrate  of  silver  more  readily  to  penetrate  to  the  network  of 
underlying  lymphatic  vessels.  Observe  the  lymphatic  plexus  under  a  low 
power  ;  sketch  a  portion  of  the  network.  If  the  peritoneal  surface  is 
focussed,  the  epithelium  which  covei's  that  surface  will  be  .seen,  and  opjx)- 
site  the  clefts  between  the  radially  disposed  tendon-bundles  stomata  may 
be  looked  for  in  this  epithelium. 

4.  Examine  sections  of  the  thoracic  duct.  These  may  be  made  in  tlie 
same  way  as  sections  of  the  blood-vessels. 

5  Stomata.— Open  the  abdomen  of  a  freshly  killed  frog,  pi-efei-ably  a 
male,  and  remove  the  abdominal  viscera,  taking  aire  not  to  mjure  the 
membrane  or  septum  at  the  hack  of  the  abdomen,  which  lies  over  and 
between  the  kidneys  and  separates  the  peritoneal  cavity  from  the  cnterna 
lymphaticamcujna,  a  large  lymph-space  in  which  the  aortal  and  vena  cava  are 
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contained.  Cut  out  the  kidneys  along  with  as  much  iis  possible  of  the  above 
septum  ;  l  inse  with  distilled  water  ;  and  place  in  a  watch-glass  ot  1  per  cent, 
silver  nitrate  for  .5  minutes.  Einse  again  in  distilled  water  and  expose  in 
taiJ  water  to  the  light.  When  slightly  browned  snip  oif  a  portion  of  the 
membranous  septum,  iloat  it  flat  on  a  slide,  drain  ofl'  the  superfluous  water 
and  allow  it  to  dry  ;  then  add  a  diop  of  xylol  balsam  or  dammar  and  cover 
the  prepai  ation. 

6  Kill  a  frog  by  destroying  the  brain  and  study  the  circulation  of  the 
blood  in  the  mesentery.  It  can  also  be  studied  in  the  web  of  the  frog's  foot, 
and  in  the  lung  and  tongue  of  the  frog  or  toad  or  in  the  tail  of  the  tadpole 
or  of  any  small  fish.  But  for  observing  the  phenomena  attending  com- 
mencing' inflammation  and  the  emigration  of  leucocytes  from  the  vessels, 
the  mesentery  is  the  most  convenient  object.    The  frog  can  be  immobilised 


Fig.  280.— Method  of  studying  the  oirculation  in  the  frog's 
MESENTERY.  (Ranvier.) 

L,  cork  or  glass  pUate ;  B,  perforated  cork,  the  aperture  in  wliieh  is  ulosed  by  a  circular 
glass  cover  (not  too  thin) ;  3/,  mesentery  laid  over  glass.  The  brain  is  destroyed  and 
the  animal  then  immobilised  with  curari. 


with  cui'ari  or  by  placing  it  in  water  in  which  chloroform  or  ether  has  been 
shaken  up  :  a  lateral  incision  is  made  in  the  abdominal  wall,  a  loop  of 
intestine  drawn  out,  and  laid  over  a  ring  of  cork  which  is  fixed  to  a  glass 
plate  and  covered  with  a  thin  piece  of  glass  (tig.  280).  The  membrane  must 
be  kept  wet  with  salt  solution.' 

7.  The  arrangement  of  the  blood-vessels  in  the  vai'ious  tissues  and  organs 
are  studied  in  injected  preparations  (see  Appendix). 


The  coats  of  the  small  arteries  and  veins  are  much  simpler  in 
structure  than  those  of  the  larger  vessels,  but  they  contain  at  first  all 

1  For  details  of  the  methods  of  studying  the  circulation  see  A  Course,  of 
Practical  Hiatolorjy.  ~ 
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the  same  elements.  Thus  there  is  a  lining  endothelium  and  an  elastic 
layer,  the  two  together  forming  an  inner  coat ;  a  middle  coat  of  circularly 
disposed  plain  muscular  tissue ;  and  a  thin  adventitia.  The  same 
differences  are  found  between  the  smaller  arteries  and  veins  as  with 
the  larger,  the  walls  of  the  veins  being  thinner  and  containing  far  less 
muscular  tissue  (fig.  281),  and  the  lining  epithelium-cells,  much 
elongated  in  both  vessels,  are  far  longer  and  narrower  in  the  small 
arteries  than  in  the  corresponding  veins  (fig.  282). 

In  the  smallest  vessels  it  will  be  found  that  the  elastic  layer  has 
entirely  disappeared  in  the  veins,  and  the  muscular  tissue  is  consider- 
ably reduced  in  thickness  in  both  kinds  of  vessel.    Indeed,  it  is  soon 


Fig.  281. — Transxtsrse  section  of  a  sm.\ll  arteky  and  vein. 
Magnified  250  diameters. 

represented  by  but  a  single  layer  of  contractHe  cells,  and  even  these 
no  longer  form  a  complete  layer.  By  this  time  also,  the  outer  coat 
as  weU  as  the  elastic  layer  of  the  inner  coat  have  disappeared  both 
from  arteries  and  veins.  The  vessels  are  reduced,  therefore,  to  the 
condition  of  a  tube  formed  of  pavement-epithelium  cells,  with  a  partial 
covering  of  circularly  disposed  muscular  cells. 

Even  in  the  smallest  vessels,  which  are  not  capillaries,  the  diflerences 
between  arteries  and  veins  are  still  manifested.  These  differences  may 
be  enumerated  as  follows :  The  veins  are  larger  than  the  correspond- 
ing arteries  ;  they  branch  at  less  acute  angles ;  their  muscular  cells  are 
fewer,  and  their  epithelium  cells  less  elongated ;  the  ela^stic  layer  of 
the  inner  coat  is  always  less  marked,  and  sooner  disappears  as  the 
vessels  become  smaller. 
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CapiUary  vessels.-When  traced  to  their  smallest  branches  the 
arteries  and  veins  eventually  are  seen  to  be  continued  into  a  network 
of  the  smallest  blood-vessels  or  capillaries.  The  walls  of  these  are 
composed  only  of  flattened  epithelium-cells  (fig.  284)  continuous  with 


FlC.   -iS'i.— A  SMALl,  AKTKUY,    A,    .UN  1>  VEIN,    V,    I'ROM   THE  SUBCUTANEOUS 
CONNECTIVE    TISSUE    OK    THE    KAT,    TREATED   WITH    NITRATE   OF  SILVER, 

WITH  sunsEquENT  STAININ(!  OF  NUCLEI.    175  diameters. 

n,  a,  epithelial  cells  with  b,  b,  their  nuclei ;  m,  m,  transverse  niarkintfs  fine  to  slainint' 
of  substance  between  the  muscular  fibre-cells;  c,  c,  nuclei  of  connective-tissue 
corpuscles  attached  to  exterior  of  vessel. 

those  that  line  the  arteries  and  veins ;  these  cells  can  be  exhibited  by 
staining  a  tissue  with  nitrate  of  silver.  The  cell-outlines  are  not 
shown  in  developing  capillaries  ;  in  these,  silver  nitrate  stains  the  whole 
wall.    This  is  the  case  also  with  the  capillaries  of  the  villi,  those  of 
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the  choroid  coat  o£  the  eye  (Eberth),  and  those  of  the  kidney-glomeruli 
(Ranvier) :  in  all  these  places  the  walls  are  formed  of  a  syncytium. 

The  capillaries  vary  somewhat  in  size  and  in  the  closeness  of  their 
meshes;  their  arrangement  in  different  parts,  which  is  mainly  deter- 
mined by  the  disposition  of  the  tissue-elements,  may  best  be  studie<l 
in  injected  preparations,  and  will  be  described  when  the  structure 
of  the  several  organs  is  considered. 

Usually  the  arterioles  pass  gradually  into  the  capillary  network  and  the 
cajjillai-ies  unite  to  foim  small  veins  which,  on  i-eceiviug  others,  gradually 


Fio.  283.  —Third  tiiokacic  sympathetic  ganoliox  of  rabbit  isjectkd. 

(Ranvier.) 

a,  arterioles ;  6,  c,  capillaries ;  V,  sinus-like  veins. 

increjise  in  size.  But  in  certain  situations  the  arrangement  is  different. 
Thus  in  the  spleen  the  arterial  capillaries  have  imperfect  walls  and  the  blood 
passes  into  the  interstices  of  the  reticular  tissue  of  the  organ,  from  which  it 
is  collected  by  sinus-like  veins  which  also  have  incomplete  waits.  In  erectile 
tissue  the  arterioles  open,  without  the  medium  of  capillaries,  into  large 
ciivernous  spaces  bounded  by  fibrous  and  plain  muscular  tissues  and  lined  by 
epithelium:  the  veins  lead^out  of  these  spaces,  so  that  there  are  no  true 
capillaries,  except  such  as  arc  distributed  to  the  tissiie.s  which  form  the  walls 
of  the  spaces.  In  the  sympathetic  ganglia,  as  shown  by  Eanvier  (fig.  283),  the 
capillaries  open  abruptly  into  large  sinus-like  venules.  And  m  the  hyer 
and  a  few  other  organs,  as  will  presently  be  explained,  the  connection 
between  afferent  and  efferent  vessels  is  effected,  not  by  true  oipillaries,  but  by 
sinus-  like  spaces  between  the  tissue  elements  ("sinusoids"  of  Miuot). 
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In  the  transparent  parts  of  animals,  the  blood  may  be  seen  flowing 
through  the  capillary  network  from  the  arteries  into  the  veins.  The 
current  is  very  rapid  in  the  small  arteries,  somewhat  less  rapid  in  the 
veins,  and  slow  in  the  capillaries.  The  current  is  fastest  in  the  centre 
of  the  vessels,  slowest  near  the  wall  (inert  layer).  In  this  layer  the 
leucocytes  are  carried  along  by  the  stream  and  may  be  observed— 
especially  where  there  is  commencing  inflammation  of  the  part,  as  m 
the  mesentery  in  consequence  of  exposure— to  adhere  to  the  inner 
surface  of  the  blood-vessels,  and  here  and  there  to  pass  through  the 
coats  of  the  small  vessels,  and  appear  as  migratory  cells  in  the  surround- 
ing connective  tissue  (fig.  28.5).    The  blood-platelets  are  also  to  be 


FlO.  284. — CVPILLABT  VESSELS 
FROM  THE  BLADDER  OF  THE  CAT, 
itAClNIFIED. 

The  outlines  of  the  cells  are  stained  by 
nitrate  of  silver. 


Fig.  285. — Blood  flowing  through  a 
small  vein  of  the  froo's  mesentery. 

The  mesenter^■  had  been  exposed  for  a  short  time, 
so  that  tliere  was  eoniniencinK  inflammation 
and  many  of  the  white  corpuscles  are  observed 
sticking  to  and  even  passintj  through  the  vas- 
cular wall,  a,  central  rapid  Layer  contaiiung 
the  coloured  corpuscles;  o,  outer  slower  layer 
(inert  laver)  containing  the  white  corpuscles. 


seen  in  the  inert  layer,  and  show  a  tendency  to  adhere  to  the 
wall  and  to  one  another  in  commencing  inflammation. 

Vessels  and  nerves  of  the  blood-vessels.— The  larger  arteries  and  veins 
po.sses.s  blood-ve.ssels  (vam  vasorum)  and  lymphatics,  both  of  which  ramity 
chiefly  in  the  external  coat.  Nerve-s  are  distributed  to  the  muscular  tissue 
of  the  middle  coat,  after  forming  a  plexus  in  the  outer  coat.  Most  of  the 
nerves  are  nou-medullated.  But  there  are  a  certain  number  of  medullatecl 
fibres  intermingled  with  the  non-niedullated  and  passing  to  end  in 
localised  aiborescences  (fig.  286)  partly  in  the  adventitia,  partly  in  the 
intinia.  These  medullated  fibres  are  doubtless  afl'erent ;  the  majority  of 
the  non-medullated  are  probably  efferent  (vaso-motors).  In  the  aorta  ot 
man  and  in  some  of  the  larger  trunks  Pacinian  corpuscles  are  here  and 
there  met  with  in  the  adventitia.  The  papillary  vessels  also  receive 
nerve-fibres,  which  form  a  fine  plexus  of  fibrils  in  close  contact  with  the 
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endothelium-celLs  of  wliicli  the  walls  of  these  vessels  are  composed.  Small 
cells  are  found  at  intervals  in  connection  with  these  plexuses  (fig.  287),  but 
whether  they  are  of  the  nature  of  nerve-cells  oi-  not  is  uncei  tain. 


Fici.  286. — Ending  of  sensoby  nerve-fibres  in  arborescesces  in  the 

WALL  OF  A  SMALL  ARTERY.  (Dogiel.) 

Tlie  endotlielium-cells  of  tlie  vessel  are  outlined  by  dotted  lines  and  the  outlines  of  the 
niusuular  fibres  are  faintl.\'  indicated. 


Fio.  287.— Endino  of  nekve-fibrils  on  capillary  vessels.  (Dogiel.) 

Development  of  the  blood-vessels.— Tlie  blood-vessels  are  developed 
in  the  connective  tissue  or  in  the  mesenchyme  which  precedes  it,  the 
first  vessels  being  formed  in  the  vascular  area  which  surrounds  the 
early  embryo.  Their  development  may  be  studied  in  the  embryo 
chick  or  mammal,  in  the  omentum  of  tlic  new-born  rabbit,  or  in 
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tlie  serous  membi-anes  and  subcutaneous  connective  tissue  of  fcutal 
animals.  The  cells  which  are  to  form  the  vessels  {vasoformative  cells) 
branch  and  unite  with  one  another  to  form  a  syncytium,  and  cavities 
form  in  this  and  extend  into  the  brandies.  In  the  meantime  the 
nuclei  multiply  and  become  distributed  along  the  branches,  cell-areas 
being  at  a  latter  stage  marked  out  around  the  nuclei.  In  this  way 
intereommunicating  vessels— capillaries  in  which  blood-corpuscles  have 
become  also  developed  (see  page  42)— are  produced  (fig.  288).  These 
presently  become  connected  with  previously  formed  vessels,  which 
extend  themselves  by  sending  out  sprouts,  at  first  solid,  and  afterwards 
hollowed  out.  Even  the  larger  blood-vessels  appear  first  to  be 
developed  in  the  same  way  as  the  capillaries,  in  so  far  that  the 


FlO.  288.  ISOI.ATED   CAPILLAHY   NETWORK  FORMED  BY  THE  JUNCTION   OF  A 

IIOLLOWED-OUT    SYNCYTIUM,    CONTAININU     COLOURED  BLOOD-CORl'USCI.KS 
IN  A  CLEAR  FLUID, 
hollow  cell  the  ca\it.v  of  which  does  not  yet  coinimmicate  with  the  network  ; 


p,  p,  pointed  cell  processes,  extending  in  different  directions  tor  union  with  neiph- 
hourini,'  capillaries. 


epithelium  is  first  formed  and  the  muscular  and  other  tissues  are 
subsequently  added ;  but  whether  they  are  formed  as  clefts  in  the 
mesoblastic  tissue,  which  become  bounded  by  flattened  cells,  or 
whether  as  a  hollowed-out  syncytium  has  not  been  definitely  ascer- 
tained. 

Many  authors  consider  that  new  blood-vessels  are  exclusively  formed  by 
sprouts  from  pre-existing  vessels,  and  regard  the  appearances  above  described 
as  being  due  to  retrogressive  development  of  an  already  formed  vascular  net- 
work (see  p.  4.3). 

Sinusoids. — These  are  sinus-like  blood-spaces  between  the  cells  of  a 
tissue,  which  may  when  fully  developed  bear  a  superficial  resemblance 
to  blood -capillaries,  but  which  difi'er  essentially  from  them  both  in  their 
mode  of  development  and  in  their  relationship  to  the  connective  tissue, 
as  well  as  to  the  tissue-elements  of  the  organs  in  which  they  occur. 
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Whereas  capillary  blood-vessels  are  developed  amongst  and  between 
the  tissue-elements  and  are  connected  with  and  grow  from  neighbouring 
capillaries  which  are  themselves  surrounded  by  areolar  tissue,  sinusoids 


VC.L  Jnt.    ,V.  Ar. 


Fig.  289. — Diagram  to  illustrate  the  development  of  blood-capillaries 
(bight  side),  and  sinusoids  (left  side)  respectively.    (F.  T.  Lewis.) 

Int,  intestinal  entoderm  with  outgrowth  on  the  left  to  form  the  liver  and  gall-bladder, 
and  on  the  right  to  form  the  pancreas.  V.C.I.,  vena  cava  inferior ;  V.P.,  vena  portse  ; 
V. ,  vein  and  Ar,  artery  supplying  pancreas,  it  is  seen  that  the  sinusoids  or  apparent 
capillaries  of  the  liver  are  formed  by  the  breaking  up  of  a  large  blood-space  into 
channels  by  the  growth  into  it  of  cell-columns  derived  from  the  hepatic  outgrowth  of 
the  entoderm. 


Fio.  290.— Section  of  the  developing  liver,  to  show  how  the  hepatic 
cylinders  encroach  on  the  lumina  of  the  sinus-likk  veins  to 

liKEAK  them   up  ULTIMATELY   INTO  CAPILLARY-LIKE   CHANNELS  C.\LLED 

sinusoids.  (Minot.) 

h.c.,  hepatic  cylinders ;  si,  sinusoids. 

make  their  first  appearance  in  the  form  of  comparatively  large  blood- 
spaces  connected  with  the  venous  (or  arterial)  system.  Into  these, 
the  walls  of  which  are  formed  only  of  a  single  layer  of  endothelial 
cells,  the  tissue-elements  of  the  developing  organ  (Wolffian  body. 
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liver,  suprarenals,  blood-glands,  etc.)  grow,  invaginating  the  thin  wall 
and  forming  cell-trabeculse  within  the  sinus  (figs.  289,  290),  so  that 
the  cells  of  the  organ  are  directly  in  contact  with  the  invaginated 
endothelium,  and  are  only  separated  by  this  from  the  blood  contained 
within  the  sinus.  But  the  connection  may  become  yet  closer  than 
this,  for,  as  happens  in  the  liver,  the  invaginated  endothelium  may 
become  defective,  so  that  the  blood  within  the  sinus  comes  into 
actual  contact  with  the  cells  of  the  organ,  and  runs  into  the 
interstices  between  them.  As  development  proceeds  these  interstices 
may  come  to  resemble  blood-capillaries  in  general  arrangement  and 
shape;  but  the  resemblance  is  only  superficial,  and  the  intimate 
relationship  between  the  blood  and  the  tissue  elements,  which  are 
both  enclosed  within  the  original  sinus,  is  usually  maintained.  The 
distinctive  character  of  sinusoids  was  first  recognised  by  Minot. 


LYMPUATICS  OK  LYMPH-VESSELS. 

To  the  l3rmphatic  system  belong  not  only  the  lymph-vessels  and 
lymph-glands,  but  also  the  cavities  of  the  serous  membranes,  which  are 
moistened  with  lymph  and  are  in  open  communication  with  lymph- 
vessels  which  run  into  their  parietes. 

The  larger  lymph-vessels  somewhat  resemble  the  veins  in  structui-e 
(fig.  291),  except  that  their  coats  are  much  thinner  and  valves  much 
more  numerous.  In  Ij'mphatics  of  smaller  size,  which  in  the  fresh 
condition  have  a  cleai-,  perfectly  transparent  appearance  and  a  very 
thin  wall  (fig.  292),  the  vessel  is  formed,  first,  by  a  lining  of  pavement- 
epithelium  cells  (lymphatic  endothelium),  which  are  elongated  in  the 

15 
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direction  of  the  axis  of  the  vessel ;  and,  secondly,  by  a  layer  of  circularly 
and  obliquely  disposed  muscular  fibres  (fig.  293).  In  the  smallest 
vessels  (so-called  lymph- caqjillaries,  which  are  generally  considerably 
larger  than  the  blood-capillaries),  there  is  nothing  but  the  epi- 
thelium remaining,  and  the  cells  of  this  are  frequently  not  more 


Via.  '292.— SumoN  of  modekate-sizkd  lymph.^tic.  (Evaus.) 
c,  wipillary  vussels  distributed  to  the  musuular  coat  (media). 

elongated  in  one  direction  than  in  another,  but  have  a  characteristic 
wavy  outline  (fig.  294). 

The  lymphatics  receive  numerous  nerve-fibres,  which  are  non- 
medullatcd,  and  which  end  in  a  ramification  of  the  finest  fibrils,  which 
are  distributed  to  the  coats  of  the  ves-sels  (fig.  295). 
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Fig.  293. — Supra  valvular  dilatation  of  a  lymphatic  of  the  jieskntery 
or  A  c.\T  ;  SILVER  nitrate  preparation.    (Ranvier. ) 

m,  uircular  muscle-libreB ;  m',  in',  irregular  arrangement  of  muscle  at  the  dilatation. 


'Ki.  294. — A  SM.vLL  part  of  thk  ia'mphatic  plexus  of  the  pleural  layhk 
OF  TUE  DIAPHRAOM.    Magnified  1 10  diameters.  (Ranvier.) 

I,  lymphatics  with  characteriHtic  epithelium  ;  c,  cell-spaces  of  the  connective  tissue  here 
and  there  anutting  against  the  lymphatic. 
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Lymphatics  begin  either  in  the  form  of  jjlexuses,  as  in  serous  mem- 
branes (fig.  296),  or  of  lacunar  interstices,  as  in  some  of  the  viscera  and 
all  transitions  occur  between  the  two. 


/ 


\ 

Flit  '295  — Nekves  or  a  lympuatic  vessei.,  shown  iiv  METim.uNE  blue. 

(Dogiel.) 

a,  a,  iion-medullated  fibres  passing  to  the  vessel ;  b,  part  of  tlieii-  terminal  raunfication. 

In  order  to  show  their  structure,  it  is  usual  to  stain  a  tissue 
with  nitrate  of  silver ;  for  exhibiting  their  distribution  they  may  be 
injected  by  sticking  the  nozzle  of  a  very  fine  injecting  cannula  into  any 
tissue  which  contains  them,  and  forcing  coloured  fluid  under  gentle 
pressure  into  the  interstices  of  the  tissue. 

In  silver  preparations  it  may  be  observed  that  the  lymphatics 
always  appear  in  the  form  of  clear  channels  in  the  stained  ground- 
substance  of  the  connective  tissue,  and  that  their  walls  are  in  close 
connection  with  the  cells  and  cell-spaces  of  that  tissue  (fig.  294).  But 
except  in  the  case  of  the  serous  membranes,  no  open  communication  is 
observable  between  the  lymphatic  vessels  and  the  interstices  of  the 
connective  tissue,  although  from  the  readiness  with  which  they  can  be 
injected  from  the  latter  there  must  be  a  ready  means  of  passage  of  the 
interstitial  lymph  into  the  commencing  lymphatics. 
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Development.— The  lymphatic  vessels  were  originally  described  by 
Klein,  and  more  recently  by  Retterer,  as  being  developed  from  hoUowed- 


Fi(!.  296.— Lymphatic  tlhxus  of  centkal  tendon  of  DiAPiiRA(iM  of 

RABBIT,    PLEIIRAI^  SIDE.  (Klein.) 

a,  larger  vessels  with  lanceolate  cells  and  numerous  valves ;  h,  c,  l.nnph-oapillaries 
with  wavy-hordered  cells. 


out  cells  in  the  same  manner  as  the  blood-vessels,  and  by  Gulland  as 
becoming  formed  at  the  periphery  as  clefts  in  the  connective  tissue, 
which  later  form  a  connection  with  the  venous  .system.    But  the 
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investigations  of  Ranvier,  recently  confirmed  by  Miss  Sabin,  Lewis, 
and  others,  have  shown  that  the  lymphatic  trunks  grow  out  from  the 
venous  system,  and  gradually  penetrate  into  the  peripheral  parts  of 
tlie  embryo. 


Fig.  297. 

1.  EpITHET.IUM    from    the    POSTEBIOR    part    of    the   FROfi'S  PERITOKEUil. 

SHOWINd    THREE    STOMATA    LEADINO    INTO    THE   OISTERNA  I.TMPHATICA 

MAfiNA.    (v.  Ebner,  after  Schweigger-Seidel  and  Dogiel.) 

2.  A  PORTION  OF  EPITHELIUM  FROM  THE  PERITONEAL  SURFACE  OF  THE  RABBTT'S 
~      DIAPHRAGM.      Three    pores    are    \aSIBLE    between    the  EPITHELirM 

CELLS,    (v.  Ebner,  after  Ludwig  and  Schweigger-Seidel.) 

Serous  Membranes. 

The  serous  membranes,  which  may  be  conveniently  studied  in 
connection  with  the  lymphatic  system,  are  delicate  membranes  of 
connective  tissue  which  surround  and  line  the  internal  cavities  of  the 
body,  and  are  reflected  over  many  of  the  thoracic  and  abdominal  viscera  ; 
in  passing  to  which  they  form  folds  (such  as  the  mesentery),  within 
which  blood-vessels,  lymphatics,  and  nerves  are  conducted  to  the  -snscera. 

The  inner  surface  is  lined  by  a  continuous  layer  of  pnvement- 
epifhelium  {endothelium)  (figs.  78,  79),  which  is  very  distinct  in  nitrate 
of  silver  preparations.    In  some  places  there  are  apertures  in  tlie 


SEROUS  MEMBRANES.  23  I 

epithelium  which  lead  directly  into  subjacent  lymphatic  N'essels. 
These  apertures  are  called  stomata,  and  are  sometimes  surrounded  by 
special  cells  (fig.  297).  They  are  numerous  upon  the  peritoneal  sur- 
face of  the  diaphragm,  but  are  present  in  most  serous  membranes. 
They  are  nowhere  better  studied  or  more  easily  seen  than  in  the 
peritoneal  membrane  at  the  back  of  the  abdominal  cavity  in  the 
frog.  This  membrane  lies  between  and  at  the  sides  of  the  kidney.s, 
and  serves  to  separate  the  peritoneal  cavity  from  the  large  lymph- 
space  just  behind  it.  If  the  membrane  is  prepared  by  the  nitrate  of 
silver  method  the  stomata  and  the  cells  which  surround  them  on  either 
side  of  the  membrane  are  well  shown. 

The  pavement-epithelium  of  the  serous  membrane  rests  upon  a 
homogeneous  basement-membrane,  which  is  especially  well  marked 
in  the  serous  membranes  of  man.  The  rest  of  the  thickness  of  the 
membrane  is  composed  of  connective  tissue,  with  a  network  of  fine 
elastic  fibres  near  the  inner  surface  (fig.  298). 


■TV  


Firi.  298.— Section  of  pleura  :  ox  (Favaro).    Magnified  270  diameters. 

e,  endothelium  ;  m,  substance  of  membrane  with  numerous  elastic  fibres  ;  h,  hyiw-pleura ; 

I,  lj'mph-\  essel. 

The  cavities  of  the  serous  membranes  are  originally  formed  in  the 
embryo  as  a  cleft  in  the  mesoderm  (pleuro-peritoneal  split,  coelom) 
which  becomes  lined  with  epithelium,  outside  which  the  coelomic  wall 
eventually  becomes  differentiated  into  the  serous  membranes. 
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T.ESSON  XXII. 

LYMPH-GLANDS,  TONSILS,  THYMUS. 

1.  Sections  of  a  lymph-gland  wliicli  lias  been  hardened  either  in  forniol 
or  potassium  biclu'omate,  oi'  in  chromic  acid  or  picric  acid  followed  by 
alcohol,  stained  in  bulk,  and  embedded  in  paraffin.  Or  the  sections  may  be 
stained  with  liEematoxylin  and  eosin.  Notice  (1)  the  fibrous  and  mu.scular 
capsule,  with  tiabeculpe  extending  inwards  from  it  through  the  cortex  and 
anastomosing  with  one  another  in  the  medulla,  (2)  the  dense  lymjjhoid 
tissue  (adenoid  tissue  of  some  authors)  forming  large  ma.sses  in  the  cortex 
(cortical  nodules)  and  rounded  cords  in  the  medulla  (medullary  cords). 
Notice  also  the  clearer  channel  or  lymph-sinus  which  everywhei'e  intei-veues 
between  the  fibrous  tissue  and  the  lymphoid  tissue.  Observe  the  fine  fibres 
and  branched  cells  which  bridge  across  this  channel. 

Make  a  general  sketch  under  a  low  power  of  a  portion  of  the  cortex 
together  with  the  adjoining  part  of  the  medulla,  and  under  a  high  power 
drawings  of  small  poi  tious  of  cortex  and  medulla. 

The  retiform  tissue  of  the  lymph-glands  has  already  been  studied  (p.  91). 

2.  Sections  of  a  hremal  lymph-gland.  These  may  be  readily  found  in  the 
neck  of  the  ox,  in  the  neighbourhood  of  the  large  blood-vessels.  Stain  with 
eosin  and  hiematoxylin  or  with  eosin  and  methylene  blue.  Notice  that  the 
channels  around  the  lymphoid  nodules  (or  some  of  them)  contain  blood 
instead  of  lymph. 

3.  In  sections  of  tonsil  prepared  .similarly  to  those  of  the  lymph- 
gland,  notice  the  large  amount  of  lymphoid  tissue,  partly  collected  into 
nodules.  Observe  also  that  the  stratified  epithelium,  which  covers  the 
mucous  membrane  here  as  elsewhere  in  the  mouth,  is  infiltrated  with  lymph- 
corpuscles.  The  tonsil  is  beset  with  pit-like  recesse.s,  with  mucus-secreting 
glands  opening  into  the  pits. 

4.  Lymphoid  nodules  of  mucous  membranes.  In  other  mncou.s  membranes 
besides  that  of  the  back  of  the  mouth  and  pharynx,  collections  of  lymphoid 
tissue  occur  which  resemble  those  of  the  tonsils  ;  such  nodules  form  the 
solitary  glands  of  the  stomach  and  intestines  and  the  agminated  glands  of 
the  small  intestine,  and  are  also  found  in  the  trachea  and  bronchial  tubes 
and  in  the  (i>sophagns.  They  may  be  studied  later  in  sections  of  those 
pai'ts. 

5.  Sections  of  the  thymus  gland  of  an  infant  or  young  animal.  Notice 
that  the  masses  of  lymphoid  (?)  tissue  which  foi  in  the  lobules  of  the  gland  are 
separated  by  septa  of  connective  tissue,  and  that  the  lobules  show  a  distinc- 
tion into  two  parts,  cortical  and  medullary.  There  are  no  lymph-i»ths 
within  the  lobules.  Observe  the  dirterences  of  structure  of  the  cortex  and 
medulla,  and  especially  notice  the  concentric  corpusck^s  in  the  medullary 

'^"^^Make  a  sketch  of  one  of  the  lobules  under  a  low  power  and  of  a  small 
part  of  the  medulla  under  a  high  power,  including  one  or  two  concentric 
corpuscles.    Measure  the  latter. 
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LyMI'II-GtIANDS. 

structure  of  a  lymph-gland. -A  lymph-gland  (lymphatic  gland)  is 
composed  of  a  framework  of  fibrous  and  plain  muscular  tissue,  which 
incloses  and  supports  the  proper  glandular  substance,  but  is  everywhere 
separated  from  it  by  a  narrow  channel,  bridged  across  by  cells  and  fibres, 
which  is  known  as  the  lymph-channel.  The  fraviework  consists  of  an 
envelope  or  capsule  (fig.  299,  c),  and  of  trabecuUe  {fr),  which  pass  at 
intervals  inwards  from  the  capsule,  and  after  traversing  the  cortex  of 


Fic.  299.— UiAdKAMMATic  SECTION  OF  i.v.MPH-iM.ANn.  (Sliarpey.) 
a  I    afferent,  e.l.,  efferent  lvmphat>c« I       cortical  substance;  3f,  reticulatintr  cords  of 
'■ 'medullary  sutatanue ;  I'.h.,  Ijinphoid  tissue;  U.,  lynipli-sinus ;  c,  capsule  sending 
trabeculii),  tr,  into  the  substance  of  the  gland. 

the  gland,  divide  and  reunite  with  one  another  to  form  a  network  of 
fibrous  bands.  At  one  part  of  the  gland  there  is  usually  a  depression 
{hilus),  and  at  the  bottom  of  this  the  medulla  comes  to  the  surface 
and  its  fibrous  bands  are  directly  continuous  with  the  capsule. 

The -pro^Qv  glandular  siibxtance  (l.h.)  is  composed  of  lymphoid  tissue, 
i.e.  a  fine  reticulum  with  the  meshes  thickly  occupied  by  lymph- 
corpuscles.  It  occupies  all  the  interstices  of  the  gland,  forming  com- 
paratively large  rounded  masses  in  the  cortex  (lymphoid  nodules,  C), 
which  may  be  two  or  three  deep,  and  smaller  reticulating  cord-like 
masses  (lymphoid  cords,  M)  in  the  medulla. 
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The  cells  which  bridge  across  the  lymph-channel  in  the  medulla 
(fig.  300,  c)  are  branching  nucleated  cells  which  often  contain  pigment, 
so  that  this  part  of  the  gland  has  a  dark  colour.  Some  may  contain 
disintegrating  erythrocytes.  The  lymph-channel  is  bridged  across  not 
only  by  these  branched  cells,  but  also  by  fibres  derived  from  the 
capsule  and  trabeculaa,  which  pass  to  the  lymphoid  tissue  and  become 
lost  in  its  reticulum.  But  the  fibres  are  often  completely  concealed  by 
the  cells. 


Fi(i.  .300. — Section  of  the  medullaky  substance  of  a  lymph-olakd. 

300  diameters.  (Recklinghausen.) 
n,  a,  a,  lyniplioid  cords  :  c,  l.Miiph-siiuis ;  h,  l>,  ti-alieciilic  :  ff,  d,  capillary  blood-vessels. 


Afferent  lymph-vessels  (fig.  299,  a.l.)  enter  the  lymph-channels  after 
ramifying  in  the  capsule,  and  the  lymph  is  conveyed  slowly  along 
the  channels  of  the  cortical  and  medullary  part  towards  the  hilus, 
taking  up  many  lymph-corpuscles  in  its  passage.  At  the  hilus  it 
is  gathered  up  by  an  efferent  vessel  or  vessels  (e.l.)  taking  origin  in 
the  lymph-sinuses  of  the  medulla. 

The  efferent  lymphatics  always  contain  many  more  lymph-corpuscles 
than  those  which  enter  the  gland,  for  lymph-corpuscles  are  constantly 
being  formed  by  mitotic  division  of  the  pre-exi.sting  cells  in  the 
glandular  substance,  especially  in  the  clearer  centre  of  each  cortical 
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nodule  {gerni^centre  of  Flemming)  ;  they  gradually  find  their  way 
into  the  lymph-channel. 

The  leucocytes  of  the  geriu-centres  fi-eciuently  sliow,  in  .sections,  pecuHar 
darkly  colmnld  bodies-the  stainaUe-bodies  of  Fle.uninig-the  oi'igni  of 
which  ha.s  not  been  determined. 

Multinucleated  giant-cell«  are  frequently  found  m  lymph-glands. 

An  artery  passe,s  into  each  gland  at  the  hilus  ;  its  branches  are 
conveyed  at  first  along  the  fibrous  cords,  but  soon  become  surroun.led 


Yu\.  301.— SEf'TIOK  or  .\  LYMPH-<!L.ANn  FROM  THE  NKCK  OF  AN  ETOUT  VF.,\R 

OLD  ciiii-D.    (v.  Rbner.)     x  13. 
c,  oapsule  ;  c.n..  cortical  nodules,  some  with  germ-centres ;  ;.c.  lyniphoid  cords  of  "'edulla 
(dark);  l.v.,  Ivmph-path  (lifjht);  «,  cortical  smus;  t,  trabeculas;  »,  vein ;  /,  efferent 
Ij-mph-vessels,' accompanying  and  partly  surrounding  blood-vessels,  01. 

by  the  lymphoid  cords,  where  they  break  up  into  capillaries  (fig.  300,  d). 
The  blood  is  returned  by  small  veins,  which  are  conducted  along  the 
fibrous  trabeculas  to  the  hilus. 

In  some  lymph-glands  the  fibrous  trabeculse  are  very  slightly  de- 
veloped, .so  that  the  gland  seems  in  section  to  be  almost  uniformly  a 
mass  of  lymphoid  tissue,  pervaded  by  lymph-channels  and  with  clearer 
rounded  nodules  (germ-centres)  scattered  about,  especially  in  the  cortex 
(fig.  301).  This  is  the  case  with  mo.st  of  the  lymph-glands  of  man  and 
some  other  animals.    In  other  animals,  such  as  the  dog  and  ox, 
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the  trabeculpe  are  very  well  developed  and  contain  niucli  muscular 
tissue. 

Nerve-fibres  pass  to  lymph-glands  and  appear  to  be  distributed 
chiefly  as  non-meduUated  fibres  to  the  plain  muscular  tissue  of  the 
blood-vessels  and  trabeculse. 

Ordinary  lynipli-glands  are  confined  to  mammals,  but  Vincent  and  Han'ison 
liave  found  hfiemal  lympli-glands  in  birds. 

Haemal  lymph-glands. — In  many  animals  a  certain  number  of  l3^mph- 
fflands  are  observable  which  have  a  red  colour.  Some  of  these  on 
section  show  that  what  corresponds  to  the  peripheral  lymph-channel 
in  ordinary  lymph-glands  is  in  them  occupied  by  blood.  Others 
have  the  greater  part  of  the  interior  occupied  by  large  sinuses  filled 
with  blood  ;  but  some  parts  have  the  ordinary  structure  of  a  lymph- 
gland.  The  names  h(emal  glands  and  hcemal  lymph-glands  (Robertson) 
have  been  given  to  these  organs.  The  blood  passes  into  the  sinuses 
from  the  arterial  capillaries,  which  probably,  as  in  the  spleen,  become 
incomplete  and  open  into  the  tissue  interstices,  from  which  at  other 
parts  the  small  veins  in  like  manner  arise.  Like  the  spleen  these 
haimal  glands  show  cells  (phagocytes)  which  contain  red  blood- 
corpuscles  in  various  stages  of  transformation  into  pigment. 

Some  hsemal  glands  are  said  to  have  no  lymph-channels,  but  this 
statement  requires  confirmation. 

The  Tonsils. 

The  tonsils  are  two  masses  of  lymphoid  tissue  placed  one  on  each 
side  of  the  pharynx,  into  which  they  project.  They  are  covered  on 
the  free  surface  with  the  stratified  epithelium  of  the  mucous  membrane, 
and  this  surface  is  pitted  with  apertures  which  lead  into  recesses  or 
crypts  in  the  substance  of  the  organ  (fig.  302).  These  recesses  are  all 
lined  by  a  prolongation  of  the  stratified  epithelium,  and  into  them 
the  ducts  of  numerous  small  mucous  glands  open.  The  tonsils  are 
composed  almost  entirely  of  lymphoid  tissue,  which,  besides  being 
diffused  over  the  whole  organ,  is  at  intervals  aggregated  into 
nodules,  in  which  the  lymph-cells  are  more  closely  arranged  tlian 
elsewhere.  In  the  clear  centre  (germ-centre)  of  some  of  these  nodules 
active  multiplication  of  the  lymph-cells  by  mitosis  is  constantly 
proceeding,  and  is,  in  fact,  the  cause  of  the  formation  of  nodules 
in  the  tissue,  as  in  other  organs  in  which  lymphoid  tissue  occurs. 
Even  the  epithelium  which  covers  the  tonsils  is  infiltrated  with 
lymph-corpuscles  (fig.  303),  and  these  may  also  wander  out  on  to  the 
free  surface,  and  become  mingled  with  the  saliva  as  salivary  corpuscles. 


THE  TONSILS. 


The  lymphoid    tissue    is   highly  vascular,   and    contains  n,any 

Ivmphatics.  , 

The  mucous  membrane  of  the  neighbouring  part  ot  the  pharynx 
and  of  the  back  of  the  tongue  and  that  of  the  upper  part  of  the 
pharynx  near  the  orifices  of   the   Eustachian   tubes  shows  crypts 


Fi(i.  3(I2.-Skction  THKoi'fm  omc  ok  tiik  crypts  of  tiiio  tonsil.  (Stohr.) 

p   <■  ^tritified  epithelium  of  surface  of  iiiucous  membranu,  wtitimicci  iiilo  t-rypt ;  ./■,./, 
'    Vol  Ses  or  ™  l  ,le"  of  the  iNinphoid  t,iss,.e,  whieh  is  elsewhere  .hffuse  ;  some  show 
tte    't.°er,  -centres";  opposite  eaeh   „o<lule  mimhers  of  l,™ph.ee  Is  are  Pass  nt, 
through  the  epithelium;  i,  masses  of  eells  whieh  haxe  thus  escaped  from  the  orfan 
to  mix  with  the  saliva  as  salivary  coriniscles. 


FlU.  303.— P,\KT  OF  A  SECTION  OK  K.VIUilTS  TONSIL  SIIOWINfi   I  NKI  I.TKATIO.N  OK 

THK  Ki'iTiiKi.iliM  liY  LKUCocYTES.    Magiiiticd  00  diiiiiieters.    i  hotograpU. 
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Fig.  304. — Lymphatics  of  a  peyer's  patcu,  injected  with  silvee 
NITRATE  :  CAT.    (Kolliker. )    Magnified  85  diameters. 

/,  a  Ijniphoid  nodule  or  follicle ;  /,  its  base,  resting  upon  the  muscular  coat,  m ;  sin, 
submucosa ;  2,  lymph-vessels ;      sinus-like  enlargement  of  Ijmph-vessel  sm-rounding 


follicle. 


A  B 


Fici.  305. — Developino  lymphoid  nodules  fkom  the  ijuinea-pig's 
OMENTUM.  (Klein.) 

A,  perilymphatic  nodule ;  «,  l.vmphatic ;  c,  its  endothelium ;  c,  lympli-corpuscles ;  b, 
accumulation  of  lymphoid  tissue  on  one  side  of  it ;  d,  blood-cniiillnries  withni  this. 

B,  endolymphatic  nodule  consisting  of  an  enlarged  lymphatic  vessel,  rf,  within  \vhich 
is  a  cai)illary  network,  c,  c,  an  artery,  b,  and  a  vein,  a  \  e,  lymphoid  tissue  within 
the  lymphatic,  its  branched  cells  being  joined  to  and  deri\ed  from  the  IjTiiphatic 
endothelium,  /. 
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and  masses  of  lymphoid  or  adeuoid  tissue  similar  iu  structure  to 
those  of  the  tonsils. 


Other  Lymphoid  Structures. 

Lymphoid  tissue  occurs  in  many  other  parts  of  the  body  m 
addition  to  the  lymphatic  glands  and  tonsils,  although  it  may  not, 
as  in  these  structures,  constitute  the  bulk  of  the  organ.    Thus  it 
is  found  in  many  mucous  membranes,  such  as  those  of  the  intestine 
and  of  the  respiratory  tract,  both  in  a  diffuse  form  and  also  collected 
into  nodular  masses  which  are  Uke  the  cortical  nodules  of  a  lymph- 
gland,  and  may,  like  these,  be  partially  surrounded  by  a  lymph-sinus. 
In  the  intestine  such  nodules  constitute  the  so-called  solitary  glands 
and  Beyer's  patches.     The  lymphatics  form  plexuses  of  sinus-like 
vessels  which  to  a  large  extent  inclose  the  nodules  (fig.  304).  In 
the  spleen  a  large  amount  of  lymphoid  tissue  is  found  ensheathing 
the  smaller  arteries,  and  also  expanded  into  nodular  masses  {MalpicjUan 
corjmscles  of  the  spleen).    All  these  structures  will  be  studied  subse- 
quently.    Lymphoid  tissue  also  occurs  in  considerable  amount  in 
the  serous  membranes,  especially  in  young  animals ;  in  the  adult  it 
is  here  mostly  replaced  by  adipose  tissue. 

Development  of  lymphoid  tissue.— Lymph-glands  are  developed  in 
connection  with  plexuses  of  lymph-vessels,  an  accumulation  of  retiforui 
tissue  and  lymph-cells  taking  place  either  external  to  and  around  the 
lymphatics  {perilymphatic  formation)  ;  or  some  of  the  lymphatics  are  dilated 
iuto  a  sinus  or  sinuses  and  the  formation  of  the  lymphoid  tissue  occurs  within 
it  {endolymphatic  formation)  (fig.  30.5,  a  and  b).  When  there  is  a  develop- 
ment of  lymphoid  tissue  outside  the  lymphatic  vessels  this  may  form  a 
considerable  acciuuulation  before  the  formation  of  lympli-paths  within  the 
tissue.  Blood-ves.sels  are  early  developed  amongst  the  lymphatic  plexuses, 
and  by  these,  according  to  GuUand,  the  tirst  lymph-corpuscles  of  the 
lymphoid  tissue  are  biought  to  the  gland.  ^ 

The  marginal  sinus  is  produced  by  the  fusion  of  a  number  of  lymph- 
vessels  which  surround  the  accunudatiou  of  lymphoid  tissue,  while  in  the 
situation  of  the  future  hilus  other  lymph-vessels  grow  into  the  glandular 
substance  and  form  channels  which  subdivide  it  up  into  cords  and  nodules 
(Kling).  The  branched  cells  of  the  lymph-path  are  said  to  be  derived  from 
the  lymphatic  endothelium. 

The  axillary  glands  were  found  by  Stiles  to  increase  iu  number  and  size 
during  lactation,  diminishing  again  after  lactation  has  ceased.  In  the 
developing  tonsils  Gulland  occasionally  found  nests  of  epithelial  cells 
detached  from  the  siu-face  epithelium,  somewhat  like  those  found  per- 
manently in  the  thymus. 

Thymus. 


The  thymus  gland  is  an  organ  which  in  man  is  found  only  in 
the   embryo  and   during  infancy.    It   is    composed   of   a  number 
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of  lobules  (figs.  306,  307)  varying  in  size,  which  are  separated  from 
one  another  by  septa  of  connective  tissue,  along  which  the  blood- 
vessels and  lymphatics  pass  to  and  from  the  lobules.    Each  lobule 
shows  plainly,  when  examined  with  a  low  power,  a  distinction  into  an 
outer  cortical  and  an  inner  medullary  portion.    The  cortical  part  of  the 
lobule  is  imperfectly  divided  into  nodules  by  trabecultt  of  connective 
tissue.    It  is  highly  vascular,  and  is  superficially  similar  in  structure 
to  the  lymphoid  tissue  of  the  lymph-glands  and  tonsils,  with  which 
it  also  agrees  in  exhibiting  numerous  indications  of  indirect  cell- 
division,  but  without  definite  germ- 
centres.    Besides  lymph-corpuscles  it 
contains  a  number  of  peculiar  granular 
cells.    The  medulla  is  more  open  in  its 
texture,  and  its  reticulum  is  formed  by 
large,  transparent,  branched  cells  (fig. 
308),   which   are   sometimes  massed 
together  and  then  resemble  epithelium- 
cells.    The    medulla   contains  fewer 
lymph-corpuscles  than  the  cortex  and 
has  a  clearer  aspect.  Connective-tissue 
fibres  are  not  wholly  absent  from  it. 
Within  the  medulla,  but  not  in  the 
cortex,  are  found  peculiar  concentri- 
cally striated  bodies  (the  concentric 
corpuscles  of  Hassal,  figs.  307,  309), 
which  are  "nests"  of  flattened  epi- 
thelial cells   arranged  concentrically 
around   one   or   more   central  cells, 
which  have  often  undergone  a  de- 
generative process.    Sometimes  these 
corpuscles  are  compound,  two  or  three 
being  grouped  together  and  similarly 
inclosed    by    flattened   cells.  Thej' 
represent  part  of  the  remains  of  an 
epithelial  tube,  which  forms  the  thymus  rudiment  of  the  early  em- 
bi'yo  and  is  derived  from  certain  of  the  branchial  clefts.  According 
to  the  observations  of  Hammar  the  reticulum  of  the  gland  is  also 
derived  from  this  epithelium,  and  Stohr  believes  that  tlie  apparent 
lymphoid  cells  of  the  gland  have  a  similar  origin. 

Nucleated  i-ed  blood-corpuscles  (erythroblasts),  similar  to  those  found 
in  red  marrow,  have  also  been  described  in  the  thymus  (J.  Schaffer),  and 
occasionally  cysts  lined  by  ciliated  epithelium  are  found  (fig.  309,  r). 


Fid.  306. — yECTio^•  uevejah-- 
iN(i  THYMUS.  (From  Prenant, 
Bouin,  and  Maillard. ) 

c,  cortex ;  m,  inetlulla.  At  this  period 
the  medulla  is  continuous  throughout 
the  t'land,  and  conies  to  the  surface  at 
places. 
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Tn  some  animals  islands  of  striated  muscular  cells  are  seen  in  the 
medulla.    Multinucleated  giant-cells  are  also  found  (Watney). 


.V— -C 


FlO.  307.— A  LOBULE  OF  THE  THYMUS  OF  A  CHILD,  .\S  SEEN  UNDER  A  LOW  POWER, 
c,  cortex  ;  c,  concentric  corpuscles  within  medulla ;  6,  blood-vessels ;  tr,  trabeoute. 


Fifi.  308.— Section  of  medulla  of  thymus,  showino  br.\nched  (epithelial) 

CELLS  OF  reticulum  AND  A  CERTAIN  NUMBER  OF  LYMPHOID  CELLS  IN  THE 

MESHES.    (Hammar. ) 

The  lobules,  the  cortex  especially,  are  abundantly  supplied  with 
capillary  blood-vessels.    In  man  the  arteries  penetrate  to  the  junction 
16 
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of  cortex  and  medulla,  and  give  off  most  of  their  capillaries  radially 
into  the  cortical  nodules.  Veins  pass  away  both  from  the  surface  of 
the  lobules  and  to  a  less  extent  directly  from  the  medulla.  The  mode 
of  distribution  of  the  lymphatics  has  not  been  definitely  ascertained, 
but  none  are  seen  within  the  lobules.    Nevertheless,  large  lymphatic 


Fig.  309.— a  concentric  cobpuscle  or  thymus  with  part  of  the 
ADJOININO  RETICULUM.    (Hammar. ) 
c,  a  small  ciliated  cyst. 

vessels,  containing  many  lymphocytes,  issue  from  the  interstitial 
connective  tissue  of  the  thymus,  but  in  what  way  they  are  connected 
with  the  lobules  has  not  been  ascertained. 

In  the  human  subject  the  thymus  gland  undergoes  after  childhood 
a  process  of  retrogression,  its  lobules  ceasing  to  grow  and  becoming 
surrounded  and  concealed  by  a  quantity  of  adipose  tissue  which 
develops  in  the  interstitial  connective  tissue  of  the  gland.  Eventually 
the  lobules  atrophy. 
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LESSON  XXTII. 

VPRUCTURE  OF  THE  SPLEEN,  SUPRARENAL  CAPSULES, 
THYROID  BODY,  AND  PITUITARY  BODY. 

1  Sfctioms  of  the  spleen  liardened  in  MiiUer's  fluid  or  formol  and  stained 
with  hasniatoxylin  and  eosin.  Notice  the  trabeculas  extending  into  the 
substance  of  the  organ  from  the  capsule.  Notice  also  that  the  glandular 
substance  is  of  two  kinds,  (1)  lymphoid  tissue  accumulated  around  the  small 
arteries  and  here  and  there  massed  to  form  lymphoid  nodules— the 
Malpi'rhian  corpuscles— and  (2)  a  tis.sue— the  red  pulp— consisting  ot  a 
reticurum  of  fibrils  and  branching  cells:  this  tissue  contains  blood  in  its 

i  11  tSl'StlCGS 

Sketch  part  of  a  section  under  a  low  power  and  a  small  portion  of  the  pulp 
under  a  high  joower. 

2.  Sections  across  a  suprarenal  capsule  hardened  in  2  per  cent,  bichromate 
of  potassium.  In  sections  not  otherwise  stained,  notice  the  deep  brown 
coloration  of  the  medulla  (action  of  the  chromic  salt).  Stam  other  sections 
with  eosin  and  hematoxylin.  Examine  first  with  a  low  power,  noticing 
the  "eneral  arrangement  and  extent  of  the  cortical  and  medullary  parts  of 
the  organ,  and  making  a  general  sketch  which  shall  include  both.  After- 
wards sketch  carefully  under  the  high  power  a  group  of  cells  from  each 
part  of  the  organ. 

3.  Sections  of  the  thyroid  body  stained  with  eosin  and  hematoxylin. 
Notice  the  vesicles  lined  with  cubical  epithelium  and  filled  with  a  "  colloid  " 
substance  which  becomes  stained  with  htematoxylin.  Sketch  one  or  two 
vesicles.  Measure  several  vesicles.  The  sections  should  include  a  para- 
thyroid. 

4.  Sections  (antero-posterior)  through  the  pituitary  body.  Notice  the 
(epithelial)  anterior  lobe  separated  by  a  cleft  from  the  (nervous)  posterior 
lobe.  The  anterior  part  of  the  posterior  lobe  i.s  also  covered  by  an  epithelial 
layer,  amongst  the  cells  of  which  colloid  matter  may  be  seen.  This  also  can 
be  traced  in  the  tissue  of  the  posterior  lobe  as  far  a.s  the  infundibuhnii  of  the 
third  ventricle. 

5.  Injected  preparations  of  these  organs  may  also  be  studied  ;  the  spleen 
is  usually  naturally  in  jected  with  blood. 


The  Spleen. 

The  spleen  is  the  largest  of  the  so-called  ductless  glands.  It  appears 
to  be  functionally  connected  with  the  blood,  white  blood-corpuscle.s 
being  formed  and  coloured  blood-corpuscles  being  submitted  to  destruc- 
tion within  it. 

Like  the  lymph-glands,  the  spleen  is  invested  with  a  fibrous  and 
muscular  capsule  (fig.  310),  which  is,  however,  stronger  and  has  far 
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more  plain  muscular  tissue ;  outside  the  capsule  is  a  covering  derived 
from  the  serous  membrane.  The  capsule  sends  bands  of  trabeculae 
into  the  organ  (fig.  311),  and  these  join  with  a  network  of  similar 
trabeculae  which  pass  into  the  gland  at  the  hilus  along  with  the  blood- 
vessels. In  the  interstices  of  the  framework  thus  constituted  lies  a 
soft  pulpy  substance  containing  a  large  amount  of  blood,  and  therefore 
of  a  deep  red  colour,  dotted  within  which  are  here  and  there  to  be 
seen  small  round  bodies,  whiter  than  the  pulp  in  the  fresh  organ  but 
darker  in  stained  sections,  the  Malpighian  corpuscles  of  the  spleen.  These 


Fig.  310. — Section  or  spleen,  somewhat  magnified.    (6.  Mann.) 

The  section  was  stained,  and  the  Malpighian  corpuscles  therefore  apjjear  darker  than  the 
pulp.  The  venous  sinuses  show  as  clear  spaces.  The  larger  veins  are  contained  in 
the  trabeculsa. 

are  composed  of  lymphoid  tissue  which  is  gathered  up  into  masses 
which  envelop  the  smaller  arteries,  whilst  the  red  pulp  which  every- 
where surrounds  them  and  which  forms  the  bulk  of  the  organ  is 
composed  (Carlier)  of  a  close  network  of  connective-tissue  fibrils 
(fig.  312),  partly  covered  by  flattened  and  branched  cells  (fig.  313). 
Passing  into  the  pulp  and  communicating  with  its  interstices  are 
capillary  blood-vessels  which  are  connected  with  the  terminations  of 
the  arteries ;  whilst  in  other  parts  venous  channels — characterised  in 
the  human  spleen  by  an  encirclement  of  reticulum-fibres,  possibly  of 
an  elastic  nature  (fig.  314),  and  by  the  presence  of  a  layer  of  higlily 
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characteristic,  comparatively  tliick  and  prominent  endothehum-cells 
(fi.r  315)— course  tlirough  the  pulp  and  bring  the  blood  which  has 
passed  into  its  interstices  from  the  arterial  capillaries  towards  the 
larger  veins  of  the  organ,  which  run  in  the  trabecuhu,  and  are  by  them 
conducted  to  the  hilus.  The  arteries,  which  are  also  at  first  conductefl 
from  the  hilus  along  the  trabeculi«  into  the  interior  of  the  organ, 
presently   leave   the   trabecuUe,  and   their   external   coat  becomes 


■if 


Vlr..  — VUKTICAI,  alCCTlON   IH''  A    I'OKTION   (IK  TIIH   .MONKIiV'S  SI'I.EKN, 

AS  SKEN   WITH   A   l.ilW  I'dWHK. 


gradually  converted  into  a  thick  sheath  of  lymphoid  tissue  which 
invests  them  in  the  remainder  of  their  course,  and  in  places  becomes 
swollen  into  the  Malpighian  corpuscles  already  mentioned.  The  small 
arteries  distribute  a  few  capillaries  to  the  Malpighian  corpuscles,  and 
then  break  up  into  pencils  of  capillary  ves.sels  which  open  into  the 
interstices  of  the  pulp. 

The  Malpighian  corpuscles  frequently  but  not  always  show  a 
clearei'  central  nodule  or  rjerm-centre,  characterised  by  the  presence  of 
numerous  mitoses ;  and  the  stainablo  bodies  of  Flemming  (p.  235) 
are  also  seen  in  them. 


46 


THE  ESSUNTIALS  OF  HISTOLOGY. 


Fig.  312. — Reticulum  or  spleen,  golgi  method.  (Oppel.) 

a,  Jlalpighian  coiTiusele  ;  6,  part  of  its  reticulum ;  c,  condensed  reticulum  at  it*  margin  ; 
d,  more  open  tissue  next  to  this ;  e,  wall  of  arteriole ;  /,  capillaries  of  Maliiighian 
corpuscle  ;  g,  reticulum  of  arteriole  expanding  into  that  of  the  Jlalpighian  corpuscle. 
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Some  authorities  hold  that  tlie  ai-tei  ial  capilhiries  open  into  the  venous 
sinSrand  S  the  blood-syste.n  of  the  spleen  is  therefore  a  closed  one,  the 
l.lood-eorpiiscles  passing  into  the  pulp-interstices  by  diapedesis. 


Fiu.  314.— Venous  si-.vces  ok  srLEHN  ruLr,  suowino  tuk  i;kcikclin(; 

FliiKES  IN  THEIK  WALLS:    IIUM.VN.      {v.  Ebuer.) 
CI),  capillary  veins  ;  p.  inilp  (the  tissue  elements  are  not  represented). 


Kk;.  315.— From  sections  ok  iiim.vn  spleen.  (Weidenreich.) 

.\,  transverse  sections  of  a  venous  sinus.    B,  longitudinal  section  of  a  smaller  sinus 
consi<leral)l.v  more  ma(,'nifle<l  tlian  A. 

a,  nucleated  bodies  of  endothelial  cells;  b,  fihre-like  prolongations  of  endothelial  cells  ;  c, 
cavity  of  sinus ;  d,  eneirclinj;  elastic  llhres  ;  c,  e,  leucocytes  piussmtr  tliroUj;h  wall  of 
siiuis. 
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Fig.  316. — Thin  section  of  splken-pulp  or  chlld,  higilly  magnitied, 

SHOWING   THE   APPABENT   MODE   OF    ORIOIN   OF   A   SMALL   \TS1N   IN  THE 

INTERSTICES  OF  THE  PULP.    Magnified  400  diameters. 

a,  blood  in  pulp ;  a',  blood  in  vein  ;  b,  phagocyte  in  vein  ;  c,  branched  cell  of  pulp  ; 
rf,  phajfocj'tic  splenic  cell. 


FlO.  317.— A  GIANT  CELL  FROM  THE  SPLEEN 

OF  A  KITTEN.    Magnified  400  diameters. 


Fh;.  318. — A  VERTICAL  section 

OF  THE  SITRAREN.AL  BODY 
or  A  FfETUS,  TWICE  THE 
NATURAL  SIZE,  SHOWING 
TlIF,  DISTINCTION"  BETWEEN 
THE  MEDULLARY  A^D  COR- 
TICAL     SUBSTANCE.  (A. 

Thomson. ) 
e,  issuing  vein  ;  r,  summit  o(  kidne.\ . 


THE  SPLEEN. 


249 


The  special  cellular  elements  of  the  spleen-pulp  are  of  three  kinds, 
viz  (1)  large,  amoeboid  phagocytic  splenic  cells,  (2)  (jtant  cells,  (3) 
branched  reticnlum-cells  which  assist  in  forming  the  sponge-work. 
The  pulp  also  contains  all  the  corpuscular  elements  of  blood. 
The  phagocytic  cells  are  frequently  found  to  contain  coloured  blood- 
corpusclel  in  their  interior  in  various  stages  of  transformation  into 
pi<.ment  They  occur  both  in  the  interstices  of  the  pulp  and  in  the 
venous  sinuses  and  veins,  where  they  are  often  filled  with  erythrocytes 
(6g.  316).  The  giant  cells  are  most  frequent  in  young  animals  (fig. 
31°7)  The  branched  cells  of  the  sponge-work  are  probably  of  the 
same  nature  as  the  endothelium  cells  of  the  terminal  capillaries  and 
veins  of  the  pulp.  They  are  connected  with  one  another  and  with 
the  endothelial  cells  of  the  small  vessels  by  branches.  The  phagocytic 
spleen  cells  are  perhaps  derived  from  them. 

Nucleated  coloured  corpuscles  are  found  in  the  embryo,  and 
occasionally  after  birth,  in  the  spleen-pulp.  The  blood  of  the 
splenic  vein  is  very  rich  in  leucocytes. 

The  lymphatics  of  the  spleen  run  partly  in  the  trabeculse  and  capsule, 
and  partly  in  the  lymphoid  tissue  ensheathing  the  arteries.  They  join 
to  form  larger  vessels  which  emerge  together  at  the  hilus.  There  are 
no  lymphatics  in  the  spleen-pulp. 

The  nerves,  which  are  numerous  and  mostly  non-medullated,  are 
distributed  to  the  muscular  tissue  of  the  arteries  and  to  that  in  the 
capsule  and  trabeculse. 

Mall  states  that  the  distribution  of  the  trabeculte  aud  of  the  blood-vessels 
within  the  spleen  is  such  as  to  indicate  a  differentiation  of  the  pulp  into 
divisions  which  he  terms  "spleen  lobules,"  each  of  which  has  its  own 
arteriole  and  venule,  and  in  which  the  pulp  is  arranged  in  columns  or 
cords  surrounded  by  venous  spaces.  It  must,  however,  be  understood  that 
there  is  nothing  of  the  nature  of  partitions  separating  such  lobules  ;  to  all 
appearance  the  pulp  is  in  continuity  throughout  the  organ. 

The  Suprarenal  Capsules. 

The  suprarenal  capsules  (adrenals)  belong  to  the  class  of  bodies 
known  as  ductless  glands,  but  they  are  entirely  different  in  structure 
and  function  from  the  spleen  and  lymphatic  glands.  A  section  through 
the  fresh  organ  (fig.  318)  shows  a  cortex  which  is  striated  verti- 
cally to  the  sui-face,  and  of  a  yellowish  colour,  and  a  medulla  which  is 
soft  and  highly  vascular,  and  of  a  dark-red  colour.  The  whole  organ  is 
invested  by  a  fibrous  capsule  which  sends  fibrous  septa  inwards  through 
the  cortical  substance  (fig.  319),  subdividing  this  for  the  most  part 
into  columnar  groups  of  cells  {zona  fasciculala,  c).  Immediately 


THE  ESSENTIALS  OF  HISTOLOGY. 


underneath  the  capsule,  however,  the  groups  are  more  rounded,  and  the 
cells  tend  to  assume  a  columnar  form  (zona  gloinerulosa,  b),  whilst  next  to 
the  medulla  they  have  a  reticular  arrangement  (zo7ia  reticularis,  d). 

The  cells  which  form  the  cortical  substance  are,  for  the  most  part, 
polyhedral  in  form ;  each  contains  a  clear  round  nucleus,  and  there 


Fig.  319.— Vekticai,  siartoN  of  cortk.x  of  suprarenal  of  dou.  (Biilim 
and  V.  Davidoff. )    Magnified  about  150  diameters, 
rt,  capsule  ;     zona  glonierulosa  ;  c,  zona  fasciuulata  ;  rf,  zona  ret.itr!i)aris. 

are  often  yellowish  oil-globules  in  their  protoplasm.  No  arteries  and 
veins  penetrate  between  these  cells,  both  these  and  the  lymphatics  of 
the  cortex  running  in  the  fibrous  septa  between  the  columns  of  cells, 
which  they  surround  with  a  capillary  network.  In  the  zona  reticularis 
the  capillaries  widen  out  and  occupy  the  spaces  between  the  cell- 
columns  (fig.  319,  d).  The  lymphatics  comnmnicate  with  fine  canals 
between  the  cells  of  the  cortex. 
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The  cells  of  the  medulla  (fig.  320)  are  more  irregularly  disposed. 
They  are  supported  by  a  network  of  elastic  fibres.  They  he  in  very 
close  relation  to  the  large  capillary  blood-spaces  (sinusoids)  which 
pervade  the  medulla,  and  they  probably  pour  a  secretion  directly  into 


m  < 
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Fk;  320  —Section  suo\vin(;  zona  reticularis  of  cortex,  r,  anu  medulla, 
m,  OF  supkakenai,  ok  do.;.    (Szymouowici!.)    Magnified  384  diameters. 

the  blood.  Their  protoplasm  is  granular ;  in  some  animals  it  contains 
a  brownish  pigment,  but  in  man  the  dark-red  colour  of  the  medulla  is 
due  to  the  blood  contained  in  the  large  sinusoid  spaces  by  which 
it  is  pervaded,  and  which  receive  the  blood  after  it  has  traversed 
the  capillaries  of  the  cortex.  A  few  arterioles  pass  straight  to  the 
medulla  through  the  cortex.    One  large  vein  usually  passes  out  at 
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the  hilus  in  the   anterior  surface    of   the   gland.     Investing  the 
larger  veins  are  longitudinal  bundles  of  plain  muscular  fibres;  but 
most  of  the  veins  have  only  an  endothelium.    Numerous  nerves, 
:  after  traversing  the  cortical 

substance,  are  distributed 
throughout  the  medulla,  where 
they  form  a  close  plexus  pro- 
vided here  and  there  with 
ganglion-cells.  The  cells  of 
the  medulla  are  characterised 
by  staining  brown  by  chromic 
acid  and  its  salts,  provided 
the  organ  is  fresh  (chromophil 
or  chromafBn  cells).  A  similar 
staining  reaction  is  found  to 
occur  in  some  of  the  cells  of 
certain  small  glandular  bodies 
which  occur  irregularly  at 
the  back  of  the  abdomen, 
being  especially  frequent  near 
the  lower  end  of  the  aorta 
(fig.  321). 

The  medulla  of  the  supra- 
renal capsule  is  developed  from  cells  which  become  detached  from  the 
rudiments  of  the  sympathetic  ganglia,  and  are  therefore  of  ectodermal 
origin.    The  cortex  is  developed  from  mesoderm. 


Fig.  321. — Section  of  part  of  an  accessory 

SUPRARENAX  (CHROMOPHIL)  BODY  ;  NEW- 
BORN CHILD.    (Zuckerkandl. ) 


The  Thyroid  Body. 

The  thyroid  body  consists  of  a  framework  of  connective  tissue 
inclosing  numerous  spherical  or  oval  vesicles  (fig.  322)  which  are  lined 
with  cubical  epithelium-cells ;  these  often  contain  granules  of  a 
fatty  character.  The  cavities  of  the  vesicles  are  usually  occupied 
by  a  peculiar  viscid  liquid  (colloid)  which  is  coagulated  by  alcohol 
and  which  then  becomes  stained  with  hsematoxylin.  A  similar 
material  has  been  found  in  the  lymphatics  of  the  gland,  and 
may  often  be  detected  also  in  the  interstices  of  the  connective 
tissue.  The  amount  of  colloid  in  the  vesicles  varies  considerably  in 
different  individuals ;  the  circumstances  which  influence  its  variations 
are  not  fully  understood,  but  diet  appears  to  play  an  important  part 
(Chalmers  Watson). 


THE  THYROID  AND  PARATHYROIDS. 


The  blood-vessels  of  the  thyroid  are  numerous.  The  capillaries 
form  close  plexuses  round  the  vesicles  (fig.  323),  and  even  extend 
between  the  lining  epithelium  cells. 


■I ,; 


Fio.  322.- 


-Skction  of  human  thyroid.  (Szymonowioz. 

180  diameters. 


Magnified  about 


n,  vesicle  occupied  by  colloid,  which  has  partly  shrunk  away  from  the  epithelniiii ; 
b,  epithelium  of  a  large  vesicle ;  c,  e,  epithelium  of  vesicles  which  are  cut  tangen- 
tially ;  d,  interstitial  connective  tissue. 

The  thyroid  is  originally  formed,  like  an  ordinary  gland,  by  an 
outgrowth  from  the  buccal  epithelium  ;  later,  the  connection  become-s 
severed  and  its  branching  tubules  are 
broken  up  into  isolated  vesicles. 

Parathyroids. — In  close  proximity  to 
or  embedded  in  the  substance  of  the 
thyroid  are  always  to  be  found  four 
small  glandular  organs  of  different  struc- 
ture from  the  thyroid  proper  (fig.  324). 
These  bodies,  one  of  which  usually  lies 
on  the  lateral  and  one  on  the  mesial 
surface  of  each  lateral  lobe,  are  formed 
of  columns  of  granular  epithelium-cells, 
with  numerous  blood-channels  between 
the  columns.  If  left  after  removal  of  the 
thyroid,  the  parathyroids  are  stated  to 
undergo  hypertrophy,  and  to  develop  a 


Fio. 


323. — Thveoid  of  doo 
injected. 


254 


THE  ESSENTIALS  OF  HISTOLOGY. 


vesicular  structure  (Vincent  and  Jolly).  There  is  also  frequently  to 
be  found  in  connection  with  the  thyroid  a  small  mass  of  lymphoid 
tissue  which  resembles  the  thymus  tissue  in  structure,  and,  like  it, 
contains  concentric  corpuscles. 

CAROTID  AND  COCCYflEAL  GLANDS. 

These  are  minute  glandular  organs  without  ducts,  lying  respectively 
at  the  bifurcation  of  the  carotid  artery  and  in  front  of  the  apex  of  the 
coccyx.  They  are  composed  of  polyhedral  cells,  with  numerous  blood- 
capillaries  between  them.    Iji  the  carotid  gland  the  cells  are  collected 
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Fig.  324. — Section  of  pabatiiyroid.  (Kolin.) 

ev,  scoreling  epithelium  ;  VW,  cells  coiitftinind  iiifenneiit ;  cap,  sinus-like  capillaries ; 
end,  enclotlieliuni-pclls. 

into  spheroidal  clumps  (fig.  325),  in  the  coccygeal  gland  into  irregular 
nodules  (fig.  326).  The  blood  vessels,  at  least  in  the  coccygeal  gland, 
have  a  sinusoidal  character  (Walker).  Amongst  the  cells  are  some 
which  stain  dark  brown  with  chromic  acid  like  those  of  the  medulla 
of  the  suprarenal  capsules  (chromophil  cells).  A  certain  number  of 
such  cells  occur  also,  according  to  Kohn,  in  some  sympathetic  ganglia. 


CAROTID  AND  COCCYGEAL  GLANDS.  2$$ 


i.   325. —A  ChVMV  OK  f'ELI.-n.ALL  FROM  TIIK  CAROTID  CIL.VND,  IN.TECTF.n. 

(Schaper. ) 

arteriole-  u,  venules;  c,  simis-like  capillary  within  nodule;  gl,  g-roup  of  gland 
uells ;  c,  boundary  of  nodule  surrounded  by  lymph  space ;  rf,  inter-nodular  coiniective 
tissue  of  gland. 
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Fill.  .S26.— Section  ok  coccYfir.Ai,  uland.  (\VulUer.) 
1,  hlood-spafcs ;  'i,  cijitlieliuni ;  :i,  roniiuclivf  lissuc. 
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The  Pituitary  Body. 

The  pituitary  body  or  gland  {hypophysis  ce^-ebri)  is  a  small  reddish 
mass  which  lies  in  the  sella  turcica,  and  is  connected  with  the  third 
ventricle  by  the  infundibulum.  It  consists  of  three  parts,  a  larger 
anterior  and  a  smaller  posterior,  with  an  intermediate  part  between 
them.  Between  the  anterior  and  intermediate  parts  there  is  usually  a 
cleft-like  space  containing  glairy  fluid  (fig.  327).    The  anterior  part  is 


a  I,  <■  il 


Fif!.  327.— Section  of  cat's  pituitaby  passing  THRoron  the  ci.eft  in 
THE  ciLAND.    (P.  T.  Ilerring. ) 

a,  p.ars  anterior  ;  b,  cleft ;  c,  pars  intermedia ;  d,  \iaxs  posterior ;  sen  nervosa, 

originally  developed  as  a  hollow  protrusion  of  the  buccal  epithelium. 
It  consists  at  first  of  a  number  of  tubules,  which  are  lined  by  epithelium 
and  united  by  connective  tissue,  but  for  the  most  part  the  lumen 
of  the  tubules  has  become  obliterated  in  the  adult,  and  they  present  the 
appearance  of  solid  cell-masses  between  which  are  numerous  large 
venous  capillaries,  perhaps  sinusoids.  Some  of  the  cells  are  clear, 
others  darkly  granular  in  appearance  (figs.  327,  328). 
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Fi<i.  329.— Skctiok  of  part  or  pars  intermedia  a>-I)  i'ars  i-ostebior  of 

DOG  extending  FROM  THE  GLANDULAR  CLEFT  (BELUW)  TO  THE  INFUNDI- 
BULAR CAVITY  (ABOVE).    (P.  T.  Herring.) 
The  section  shows  the  colloid  matter  which  is  formed  in  cells  of  the  pars  intermedia 
passing  towards  the  intiindibulum  o(  the  third  \  entricle.   The  amount  of  colloid  lia.s 
heen  increased  as  the  result  of  removal  of  the  thyroid  nineteen  days  earlier. 
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The  intermediate  part  is  formed  of  clear  cells  only,  and  is  much 
less  vascular  than  the  anterior  part.  Its  cells  tend  to  undergo  a 
transformation  into  a  sort  of  "  colloid "  material ;  a  mass  of  colloid 
being  sometimes  surrounded  by  untransformed  cells,  and  thus  present- 
ing a  superficial  resemblance  to  a  vesicle  of  the  thyroid  body.  The 
colloid  when  formed  passes  through  the  tissue  of  the  posterior  part  of 
the  organ,  and  eventually  becomes  set  free  into  the  extension  of  the 
third  ventricle  which  projects  downwards  into  the  base  of  the  pituitai-y 
body  (Herring). 

The  colloid  is  increased  after  thyroidectomy,  but  does  not  contain 
organically  combined  iodine  as  does  the  colloid  of  the  thyroid  itself. 

The  posterior  part  of  the  pituitary  body,  which  is  developed  from  the 
infundibulum  of  the  third  ventricle,  consists  chiefly  of  neuroglia.  In 
man  the  posterior  lobe  is  stated  to  contain  no  cells  in  the  adult  of 
distinctly  nervous  character,  but  it  receives  nerve-fibres  which  arise  from 
large  cells  in  the  grey  matter  j  ust  behind  the  optic  chiasma ;  some 
of  these  fibres  penetrate  into  the  glandular  substance. 
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LESSONS  XXIV.  AND  XXY. 
THE  SKIN. 

1.  SficTioNS  of  skin  from  the  palmar  stirfaee  of  the  fingers.  The  skin  is 
liardened  in  ])ieric  acid  or  formol,  followed  by  alcohol.  The  sections  are 
made  vertical  to  the  surface,  and  .slumld  extend  down  as  far  as  the  sub- 
cutaneous tis.sue.  Notice  the  layers  of  the  epidermis  and  their  different 
behaviour  to  staining  fluids.  Notice  also  the  papillaj  projecting  from  the 
corimu  into  the  epidermis  and  look  for  tactile  corpuscles  within  them.  In 
very  thin  parts  of  the  sections  the  fine  intercellular  channels  in  the  deeper 
parts  of  the  epithelium  (see  Lesson  VII.)  may  be  seen  with  a  high  power.  Tlie 
convoluted  tubes  of  the  sweat-glands  are  visible  here  and  there  in  the  deeper 
parts  of  the  coritim,  and  in  thick  .sections  the  cork.screw-like  channels  by 
which  the  sweat  is  conducted  through  the  epidermis  may  also  be  observed. 
Make  a  sketch  showing  the  general  structure  under  a  low  powei-,  and  fither 
sketches  to  exhibit  the  most  important  details  undei'  a  high  power.  M(^asure 
the  thickness  of  the  epideimis  and  the  length  of  the  papilke. 

i.  Sections  of  the  skin  of  the  scalp,  vertical  to  the  surface  and  parallel 
to  the  slope  of  the  hair-follicles,  and  others  parallel  to  the  surface,  and 
thei-efore  across  the  hair-follicles.  Stain  and  mount  in  the  same  way  as  in 
the  last  pieparation.    Examine  also  the  structure  of  the  hairs. 

In  these  preparations  the  details  of  structure  of  the  hair  and  hair-follicles, 
togethei-  with  the  sebaceous  glands  and  the  little  muscles  of  the  hair-follicles, 
are  to  be  made  out. 

.■5.  Vertical  .sections  of  the  nail  and  nail-bed.  To  cut  such  hard  .structures 
as  tlu^  nail  it  is  best,  aftei-  fixing  with  pici'ic  acid  or  formol  followed  by  7') 
ji.c.  alcohol,  to  soak  the  tissue  in  sti'ong  gum  arable  for  a  few  days,  then  jjlace 
it  in  an  apjiropriate  position  upon  a  cork  or  upon  the  object-ctirrier  of  a 
microtome,  and  phinge  the  whole  into  70  per  cent,  alcohol.  This  renders  the 
gmn  hard,  and  enables  .sections  to  be  cut  of  sufficient  finene.ss.  A  plane  iron 
.should  be  used  with  the  microtome,  since  the  hardness  of  the  nail  will  tui  n 
the  edge  of  a  razor.  To  remove  the  gum  the  sections  are  placed  in  water  for 
a  few  hours  ;  they  may  then  be  stained  and  mounted.  Notice  the  ridges 
(not  papilla')  of  the  corium,  projecting  into  the  epidermis.  Ob.serve  also  the 
distinction  of  the  epidermis  into  Malpighian  layer  and  nail  proper. 

4.  Mount  a  section  from  a  portion  of  skin  in  which  the  blood-\-essels  liave 
been  injected,  and  notice  the  di.stribution  of  the  capillaries  to  the  aweat- 
gland.s,  to  the  hair-follicles,  and  to  the  papillary  surface  of  the  corium. 

5.  The  cells  which  compose  the  nails  and  hairs  can  be  isolated  by  warming 
a  small  piece  of  nail  or  hair  in  strong  sulphuric  acid  ;  after  this  treatment 
the  cells  are  readily  separated  from  one  another  by  pressure  upon  the  cover- 
glass. 

G.  Sections  of  mammary  gland  during  lactation.  The  gland  may  be  fixed 
in  Zoncker's  fluid  (see  Appendix)  and  the  sections  stained  with  htematoxylin 
and  eosin. 


The  skin  is  composed  of  two  parts,  epidermis  and  ciotis  vera  (figs. 
330,  331). 
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The  epidermis,  or  scarf  skin,  is  a  stratified  epitlielium  (fig.  332).  It 
is  composed  of  a  number  of  layers  of  cells,  the  deeper  of  which  are 
soft  and  protoplasmic,  and  form  the  rete  mucosum  of  Malpighi,  whilst 
the  superficial  layers  are  hard  and  horny,  this  horny  portion  sometimes 
constituting  the  greater  part  of  the  thickness  of  tlie  epidermis.  The 
deepest  cells  of  the  rete  mucosum,  which  are  set  on  the  surface  of  the 
cutis  vera,  are  columnar  in  shape.  In  the  coloured  races  of  mankind 
these  cells  contain  pigment-granules.  In  the  layers  immediately  above 
them  the  cells  are  polyhedral.  Between  all  these  cells  of  the  rete 
mucosum  there  are  fine  intercellular  clefts  (see  fig.  74)  which  separate 
the  cells  from  one  another,  but  are  bridged  across  by  fibres  which  pa.ss 
from  cell  to  cell,  and  also  through  the  substance  of  the  cells  (fig. 
75)  (Ranvier,  Delepine).     The  intercellular  channels  .serve  for  the 


M   (I    M"    M'  M  </  A/" 
Fig.  .330. — Section  of  skin  or  heei.  (Blaschko.) 

ep,  epidermis ;  c,  cutis  vera ;  d,  rf,  ducts  of  sweat-glands :  d',  d',  their  openings  at  the 
surface  of  the  papillary  ridge  ;  M,  Malpighian  layer  of  epidermis  thiekene<l  opposite 
the  papillary  ridges,  where  it  dips  down  into  the  cutis  vera  (at  M',  M")  leaving 
prominences  of  the  cutis  between. 

passage  of  lymph,  and  within  them  lymph-corpuscles  may  occasionally 
be  found,  often  having  a  stellate  figure  from  becoming  shaped  to  the 
interstices. 

The  superficial  layer  of  the  rete  mucosum  is  formed  of  somewhat 
flattened  cells  filled  with  granules  or  droplets  of  a  material  (eleidin) 
which  stains  deeply  with  carmine  and  hoematoxylin  {stratum  gramdosum, 
fig.  332 ;  fig.  333).  This  is  not  sharply  marked  off  from  the 
cells  of  the  rete  mucosum  which  lie  next  to  it,  for  many  of  these 
show  similar  granules,  although  they  less  completely  fill  the  cell. 
Superficial  to  the  stratum  granulosuin  is  a  layer  in  which  the  cell- 
outlines  are  indistinct  and  the  cells  contain  flakes  or  larger  droplets  of 
a  hyaline  material  [kerato-hyalin),  which  stain  less  intensely  than  the 
granules  in  the  last  layer,  and  which  tend  to  run  kigether.  This 
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layer  has  a  clear  appearance  in  section,  and  is  known  as  the  stratum 
lucidum.    Immediately  superficial  to  the  stratum  lucidum  is  the  horny 


i 


uoilifUin. 


rc-lc  iiiucobUiii. 


UUlib  VL'I'U. 


ndipose  lisaue 


Fig.  331. — Vkrticai.  skction  tiikouuii  thk  skin  of  tiik  sole  ok  tuk 
FOOT.    Magnified  about  25  diameters. 

part  [stratum  corneum)  of  the  epidermis.  It  is  composed  of  a  number 
of  layers  of  epithelium-cells,  the  nuclei  of  which  are  no  longer  visible. 
These  cells  near  the  surface  take  the  form  of  thin  horny  scales 
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which  eventually  become  detached  (fig.  334,  s).  In  certain  parts  which 
have  a  thick  epidermis  and  are  not  covered  with  hair  {e.g.  the  palms 
and  soles),  the  superficial  part  of  the  epidermis  is  a  layer  mainly 
formed  hy  a  number  of  greatly  swollen  cells  (stv),  forming  collectively 
what  has  been  termed  the  epitrichial  layer.  In  the  embryo  in  the 
second  and  third  month  of  intrauterine  life  it  covers  the  whole  body, 
but  is  thrown  off  where  hairs  are  developed. 


L-oriietiiii. 


Kiriitiiiii  lufjiluiii. 

^itrntlllll 
;;i'aiiulu'!iiiii 


-  ciilia  wrn 


Fig.  332.— Vertic.u.  suction  theouuh  the  skln  ok  thk  i-almak  side  of 
the  findek,  siiowinfl  two  or  three  papill.^5  (one  of  which  contains 

A   TACTILE   corpuscle)   AND   THE   DEEPER   LAYERS   OF   THE  EPIDERMIS. 

Magnified  about  200  diameters. 

The  growth  of  the  epidermis  takes  place  by  a  multiplication  of  the 
cells  of  the  deeper  layers.  The  newly  formed  cells,  as  they  grow,  push 
towards  the  surface  those  which  were  previously  formed,  and  in  their 
progress  the  latter  undergo  a  chemical  transformation,  which  converts 
their  fibrillated  protoplasm  into  horny  material :  this  change  seems  to 
occur  just  at  and  above  the  stratum  granulosum  (see  fig.  332).  The 
granules  which  occupy   the   cells  of   the  stratum  granulosum  are 
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I.:  PoUTION  ok  KI'IOKKMIH  a  SW;TI<JN  ')K  TDK  tSKIN  OF  TIIK 

FJNiiEK,  (;OI^<lJBKI)  WITH  I'H.IUXJAKMINK.  (Kaijvier.) 
.  DiiR-iiiM ;  fc,  BliuUiin   lui  uliiiii   will.  Hukt-s  ot  keiaUj-liyalin ;  c  HUaUii.i 

K  u  !«"  'i'^' "i"'^''  "i"'  '''"r       "  it' vtil  ' 


:W4. -Xw'J'loN       Kl'lDKKMlw  (Kttiivier.) 
HUi)cTfl.;ial  horny  «;alcs ;  »w,  »woll«ii  lioniy  <;fll»:  ».<.,  stratum  lu'-iduiii  ;  1>';;,';|<'«-. 
.illM,  neveral  rowH  .Itc-p ;  c,  flouKult'l  'xHh  loriiiiiiK  u  siiiKle  stratum  near  tl.t'  w""'"  . 

stratum  xrar.ul.Muni  ..f  l,ariK.-r).anH,  just  Ik-Iow  the-  Htralun.  lucidum.  I'art  of 
a  plexus  of  nencHbres  is  sc-cn  in  the-  supc-rlj-iial  layc-r  of  t he-  <;uti»  ^■<-''''- .  "l^ 
|>lexuH  line  vari.^w;  nfrve-flljrilH  may  trwwl  |KU«iinK  up  Ijftwec-ri  the  fi)itlK-liuin-<.LJI8 
of  tlie  Malpigliian  layer. 
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composed,  as  already  stated,  of  a  substance  termed  eleidin,  which 
according  to  Ranvier  becomes  chemically  altered  and  transformed  into 
the  keratin  of  the  more  superficial  strata. 

Ko  blood-vessels  pass  into  the  epidermis,  but  it  receives  nerves 
which  ramify  between  the  cells  of  the  rete  mucosum  in  the  form  of 
fine  varicose  fibrils  (fig.  334).  In  some  parts  these  are  enlarged  at 
their  extremity  and  along  their  course,  into  menisci  which  lie  between 
the  deeper  epidermis  cells.  Such  terminations  are  seen  in  the  skin 
over  the  pig's  snout  (fig.  259)  and  in  the  root-sheaths  of  hairs.  They 


Fi(!.  335. — Section  of  thk  skin  of  tue  pulp  of  the  finuek  of  a  child, 

STAINED  WITH  GOLD  CHLORIDE,  SHOWING  NERVES  TEBMINATINCi  IN  AN 
IVY-LIKE  ARBORESCENCE  AT  THE  SURFACE  OF  THE  CUTIS  VERA  AND  IN 
THE  DEEPEST  PART  OF  THE  EPIDERMIS.  (Ranvier.) 

p,  p,  outlines  of  papillae ;  n,  n',  nerve-fibres  in  cutis  vera ;  in,  terminal  menisci ;  s,  duct 

of  a  sweat-gland. 

also  occur  in  the  skin  in  the  neighbourhood  of  the  entrance  of 
sweat-ducts  into  the  epidermis  (Ranvier)  (fig.  335). 

The  cutis  vera  or  corium  is  composed  of  dense  connective  tissue, 
which  becomes  more  open  and  reticular  in  its  texture  in  its  deeper 
part,  where  it  merges  into  the  subcutaneous  tissue.  It  is  thickest  over 
the  posterior  aspect  of  the  trunk,  whereas  the  epidermis  is  thickest  on 
the  palms  of  the  hands  and  soles  of  the  feet.  The  superficial  or 
vascular  layer  of  the  corium  bears  microscopic  ;>a.pi//(7',  which  project  up 
into  the  epidermis,  which  is  moulded  over  them.  These  papillae  for 
the  most  part  contain  looped  capillary  vessels,  but  some,  especially 
those  of  the  palmar  surface  of  the  hand  and   fingers,   and  the 
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corresponding  part  of  the  foot,  contain  tactile  corpuscles,  to  which 
medullated  nerve-fibres  pass  (fig.  332). 

In  some  parts  of  the  body  (scrotum,  penis,  nipple,  and  its  areola), 
involuntary  muscular  tissue  occurs  in  the  deeper  portions  of  the  cutis 
vera,  and,  in  addition,  wherever  hairs  occur,  small  bundles  of  this  tissue 
are  attached  to  the  hair-follicles. 

The  blood-vessels  of  the  skin  are  distributed  almost  entirely  to  the 
surface,  where  they  form  a  close  capillary  network,  sending  up  loops 
into  the  papilliB  (fig.  336).  Special  branches  are  also  distributed  to  the 
various  appendages  of  the  skin,  viz.  the  sweat-glands  and  hair-folhcles, 


r.vi 


Fu;.  3.3().— l)ucT  oi"  a  sweat-gland  passino  tukough  the  emdekmis. 
Magnified  200  diameters.    (Heitzmann. ) 

1),  paiiilhe  with  blood-vessels  injected  ;  r.m.,  rete  mucosuni  between  the  papilla) ;  c,  c, 
stratum  coriieum ;  s.g.,  stratum  granulosum  ;  d,  d,  sweat-duct  passmg  throutm 
epidermis. 

with  their  sebaceous  glands  and  little  muscles,  as  well  as  to  the  masses 
of  adipose  tissue  which  may  be  found  in  the  deeper  parts  of  the  cutis. 

The  lymphatics  originate  near  the  surface  in  a  network  of  vessels, 
which  is  placed  a  little  deeper  than  the  blood-capillary  network.  They 
receive  branches  from  the  papilla;,  and  pass  into  larger  vessels,  which 
are  valved,  and  which  run  in  the  deeper  or  reticular  part  of  the  corium. 
From  these  the  lymph  is  carried  away  by  still  larger  vessels,  which 
course  in  the  subcutaneous  tissue. 

The  appendages  of  the  skin  are  the  7iails,  the  hairs,  with  their 
sebaceou.s  glands,  and  the  sweat-;// ands.  They  are  all  developed  as  thick- 
enings and  downgrowths  of  the  Malpighian  layer  of  the  epidermis. 
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The  Nails. 

The  nails  are  thickenings  of  tlie  deeper  part  of  the  stratum  corneum 
developed  over  a  specially  modified  portion  of  the  skin  (fig.  337),  which 
is  known  as  the  bed  of  the  nail,  the  depression  at  the  posterior  part  of 
the  nail-bed  from  which  the  root  of  the  nail  grows  being  known  as  the 
nail-groove.  The  part  of  the  bed  which  occupies  the  inner  or  central 
portion  of  the  groove  is  termed  the  nail-matrix,  since  it  is  from  this 


r.  d 
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Fk!.  337.— Longitudinal  section  through  the  koot  of  tuk  nail  and 
ITS  MATRIX.    Magnified  about  10  diameters. 

a,  root  of  nail ;  6,  Malpighiaii  layer  of  matrix  :  c,  rid^'es  in  dermis  of  nail-bed ;  d,  epitrichial 
layer  of  epidermis ;  e,  eiionychium  ;  /,  bone  (terminal  phalanx)  of  fing«r. 

part  that  the  growth  of  the  nail  proceeds.  The  distal  part  of  the  nail 
forms  the  free  border,  and  is  the  thickest  part  of  the  body  of  the  nail. 
The  substance  of  the  nail  is  composed  of  clear  horny  cells,  some- 
what like  the  cells  of  the  stratum  lucidum  of  the  rest  of  the  epidermis. 
Each  contains  the  remains  of  a  nucleus.  The  nail  proper  rests 
immediately  upon  a  Malpigliian  layer  similar  to  that  which  is  found  in 
the  epidermis  generally,  but  destitute  of  a  defined  stratum  granulosum. 
Nevertheless,  in  the  more  superficial  cells  both  of  the  bed  and 
matrix  there  are  a  large  number  of  granules  to  be  seen,  which  appear  to 
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represent  tliose  of  the  stratum  granulosum  of  the  epideriiiis.  These 
granules  are,  however,  not  composed  of  eleidin,  but  of  a  material 
{onychogenic  substance,  Ranvier)  which  stains  brown  instead  of  red  with 
carmine ;  a  similar  material  occurs  in  the  cells  wliich  form  the  fibrous 
substance  and  cuticula  of  the  hairs.  The  corium  of  the  nail-bed 
is  beset  with  longitudinal  ridges  instead  of  the  papilla;  which  are 


Fic.  3.3S. — Suction  Tiiuouiiii  end  of  finger  of  human  embkyo  .\t  tiik  time 

OF  THE  COMMENCEMENT  OF  FORMATION  OF  THE  NAIL.      (KoUiker. ) 

Notice  the  ossification  of  tlie  terminal  plialaiix  begiiininj^  at  the  tiji  of  the  cartila^^e.  In 
the  thicltened  epidermis  over  this  the  commencing'  nail  is  seen  as  a  dark  line. 


Fio.  339.— First  aiteakance  of  nail  sudstance  in  the  form  of  oranulks 

OF  onychogenic  M.VTEKIAL  IN   SOME  OF  THE  CELLS  COVERIN(i  THE  NAIL- 

liEi).    (Kiilliker. ) 


present  over  the  rest  of  the  skin ;  these,  like  the  rest  of  the  superficial 
part  of  the  corium,  are  extremely  vascular. 

The  nail-bed  also  receives  many  nerve-fibres.  Some  of  these  end  in 
Pacinian  corpuscles,  whilst  others  ramify  in  tiie  ridges  of  the  corium, 
and  others  again  penetrate  amongst  the  deeper  epithelium  cells. 

The  nails  are  developed  in  the  ftetus  at  about  the  third  month 
(fig.  338),  the  groove  being  formed  at  this  time  in  the  corium,  and  the 
nail  rudiment  appearing  in  it  as  a  development  of  onychogenic  substance 
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in  some  of  the  cells  of  the  epithelium,  which  lies  over  the  bed  (fig.  339). 
It  becomes  free  in  the  sixth  month,  its  free  end  being  at  first  thin,  but 
as  it  grows  forward  over  the  bed  it  receives  additions  on  its  under  .sur- 
face— at  least  in  the  posterior  part  of  the  bed — so  that  after  a  time  the 
distal  end  becomes  thicker.  The  epitricliial  layer  of  the  cuticle  which 
originally  covered  the  developing  nail  becomes  de'tached  after  the  fifth 
month,  and,  after  birth,  only  remains  as  the  narrow  border  of  cuticle 
(eponychium)  which  overlies  the  lanula  at  the  root. 


Hairs. 


Fk;.  340. — Piece  of  human  uair. 
Magnified. 

A,  seen  from  the  surface ;  B,  in  optical 
section,  c,  cuticle ;  /,  fibrous  sub- 
stance ;  m,  medulla,  the  air  having 
been  expelled  by  Canada  balsam. 


The  hairs  are  growths  of  the  epidermis,  developed  in  little  pits — 
the  hair-follicles — which  extend  downwards  into  the  deeper  part  of  the 

corium,  or  even  into  the  subcutaneous 
tissue.  The  hair  grows  from  the 
bottom  of  the  follicle,  the  part  which 
thus  lies  within  the  follicle  being 
known  as  the  root. 

The  substance  of  a  hair  is  mainly 
composed  of  a  pigmented,  horny, 
fibrous  material  (fig.  340,/),  which  can 
be  separated  by  the  action  of  sul- 
phuric acid  into  long  tapering  fibril- 
lated  cells,  the  nuclei  of  which  are 
still  visible.  The  fibrous  substance 
of  the  hail-  is  covered  by  a  layer 
of  delicate  imbricated  scales,  termed  the  hair-cuticle  (c).  In  many 
hairs,  but  not  in  all,  the  centre  is  occupied  by  an  axial  substance 
{medulla,  m),  formed  of  angular  cells  which  contain  granules  of  eleidin, 
and  frequently  have  a  dark  appearance  from  the  presence  of  minute 
air-bubbles.  The  latter  may  also  occur  in  interstices  in  the  fibrous 
substance.  When  they  are  present,  the  hair  looks  white  by  reflected 
light.  The  root  has  the  same  structure  as  the  body  of  the  hair,  except 
at  its  extremity,  which  is  enlarged;  this  enlargement  is  composed 
mainly  of  soft,  growing  cells,  and  fits  over  a  vascular  papilla,  which 
projects  up  into  the  bottom  of  the  follicle  (fig.  3-il). 

Structure  of  hair-follicle  (figs.  341  to  344).— The  follicle,  like  the  skin 
itself,  of  which  it  is  a  recess,  is  composed  of  two  parts :  one  epithelial, 
and  the  other  connective-tissue.  The  epitlielial  or  epidermic  part  of 
the  follicle  closely  invests  the  hair-root,  and  is  often  in  great  part 
dragged  out  with  it ;  hence  it  is  known  as  the  root-sheath.  It  consists 
of  an  outer  layer  of  soft  columnar  and  polyhedral  cells,  like  the 
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Malpighian  layer  of  the  epidermis,  but  without  stratum  granulosum— 
the  outer  root-sheath;  and  of  an  inner,  thinner,  horny  stratum  next 
to  the  hair — the  inner  root-sheath.  The  inner  root  sheath  itself  consists 
of  three  layers,  the  outermost  being  composed  of  horny,  fibrous,  oblong 
cells  the  nuclei  of  which  are  obscure  and  difficult  to  make  out  {Ifenle's 
layer),  the  next  of  polyhedral  nucleated  cells  containing  eleidin  (// uxley's 
layer),  and  the  third— the  cuticle  of  the  root-sheath— n  layer  of  down- 
wardly imbricated  scales,  which  fit  over  the  upwardly  imbricated  scales 


l)lood-ves8els  ' 
Fif!.  341.— Dt.uiram  to  rxvi.ain  thk  formation  of  a  hair.  (Maurer.) 

of  the  hair  itself.  In  the  more  superficial  part  of  the  hair  follicle  tlie 
layers  of  Huxley  and  Henle  are  indistinguishable,  the  cells  of  both 
being  clear  and  keratinised  ;  even  lower  down  where  distinguishable 
they  show  a  tendency  to  dovetail  into  one  another.  At  the  bottom 
of  the  follicle  no  differentiation  into  layers  can  be  made  out  in  the 
root-sheath,  which  is  here  formed  by  a  uniform  mass  of  soft  cells 
surrounding  the  papilla. 

In  the  greater  extent  of  the  follicle  the  outer  root-sheath  is  several 
layers  deep,  but  as  the  bottom  of  the  follicle  is  approached  it  becomes 
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thinner,  and  is  finally  reduced  to  a  single  stratum  of  cells  which 
becomes  ilattened  out  into  a  very  thin  layer  in  the  papillary  part 
(fig-  342,  I.). 

The  connective  tissue  or  dermic  part  of  the  hair-follicle  is  composed 
internally  of  a  vascular  layer,  which  is  separated  from  the  root-sheath 


'  ii 

—  0 
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Fir;.  342. — Suctions  across  uair-follicles  from  the  scafj"  of  ax  infant. 

I.  Throujfli  papilla.  II.  Just  above  papilla.  III.  Abo<it  middle  of  follicle.  H'.  Near 
outer  part  of  follicle.  In  I.  :—p,  papilla ;  »■,  ei)itlieliuiii  surroundintr  pajiilla,  with 
pigment  in  cells ;  hy,  hyaline  layer  of  dermic  coat  with  thin  outer  root-sheatli  just 
within  it.  In  11.,  III.,  IV.  : — o,'outer  root-sheath;  i',  layer  of  Ilcnle  and  i",  Layer 
of  HiLxley  of  the  inner  root-sheath  ;  f,  cuticle  of  root-sheath  ;  A,  hair. 

by  a  basement-membrane  termed  the  hyaline  layer  of  the  follicle. 
This  inner  vascular  layer  corresponds  to  the  superficial  layer  of  the 
cutis  vera.  Its  fibres  and  cells  have  a  regular  circular  arrangement 
around  the  follicle,  the  cells  being  flattened  against  the  hyaline  layer. 
Externally  the  dermic  coat  of  the  follicle  has  a  more  open  texture, 
corresponding  to  the  deeper  part  of  the  cutis,  and  contains  the  larger 
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branches  of  the  arteries  and  veins.  In  the  large  tactile  hairs  of 
animals,  the  veins  near  the  bottom  of  the  follicle  are  dilated  into 
sinuses,  so  as  to  produce  a  kind  of  erectile  .structure. 


o     i  h 


Fi(!.  .34.3.— LoNoiTUDiNAi.  SECTION  OF  A  II AiK-Foi.hicLE.    Mugiiiliurl  200  diameters. 
0,  outer ;  1,  inner  root-sheatli ;  h,  Imir  ;  x,  part  shown  magnified  in  fig-.  344. 

The  hair-follicle  receives  nerve-fibres  which  pass  into  the  papilla, 
and  others  which  enter  the  root-sheath.  These  last  are  derived  from 
the  superficial  nerves  of  the  corium  and  form  ring-like  arborisations 
in  the   upper   part  of  the  hair-follicle.    They  are  especially  well 
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Fui.  344. — A  SMALL  POKTION  OP  THE  SECTION  SHOWN  IN  FIO.  343  ENLABCF.D 
TO  EXHIBIT  THE  STRUCTURE  OF  THE  SEVER^VL  LAYERS. 

h,  hair ;  c",  its  cuticle  ;  c',  cuticle  of  root-sheath  ;  ?",  Huxley's  layer ;  »',  Henle's  layer ; 
0,  outer  root-sheath  ;  hy,  hyaline  layer  ;  d,  dermic  coat ;  /,  fat-cells. 


FlO.  :W6.  — NkKVES  and  NERVE-ENDINOS  in  THK  SKIN  AND  UAIK-FOIJ.ICLKS. 

(G.  Retzius.) 

hd,  hornv  stratum;  r»i,  rete  Malpighii ;  c,  superficial  nerve-flbreplexiis  in  the  cutis : 
?i,  cutaneous  nerve  ;  i«,  inner  root-sheath  of  hair ;  «*,  out«r  roo^sheath  ;  h,  hair  .  Ur, 
sehaccous  glands. 
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developed  in  the  large  tactile  hairs  (whiskers)  of  animals  (figs.  345, 
347). 

The  hair  grows  from  the  bottom  of  the  follicle  by  multiplication 
of  the  soft  cells  which  cover  the  papilla,  these  cells  becoming  elongated 
and  pigmented  to  form  the  fibres  of  the  fibrous  substance,  and  other- 
wise modified  to  produce  the  medulla  and  cuticle  of  the  hair  and  the 
several  layers  of  the  root-sheath.  The  cells  which  form  the  medulla 
of  the  hair  and  the  inner  root-sheath  are  filled  with  granules  of  eleidin, 
but  those  which  form  the  fibrous  substance  and  cuticula  of  the  hair 


Fiii.  346. — From  a  section  of  skis    I'KEfAKED  by  tmi^  ciikomate  of 

SILVER  METHOD,  SlIOWINti  THE  UPPER  PART  OF  TWO.UAIKS  AND  THE 
TERHIINAL    ARBORISATIONS   OF   NERVE-FIBRES    IN    THEIR  ROOT-SHEATHS. 

(Van  Gehnohten. ) 

have  granules  which  stain  brown  with  carmine,  and  appear  similar 
to  those  which  are  met  with  in  the  corresponding  cells  of  the  nail- 
matrix  (Ranvier)  (see  p.  267). 

On  the  side  to  wliich  the  hair  slopes  a  small  jiatcli  of  ricliiy  iiinervaled 
thickened  epidermis  is  usually  to  be  found,  develo])ed  over  an  enlarged 
])apilla  of  tlie  eutis  vera  :  while  on  the  ojjposite  side  of  the  hair  is  a  Hat 
area  of  skin  with  thickened  scale-like  epideiini.s,  winch  may  represent  a 
vestige  of  tlie  reptilian  .scale  (Pinkus). 

The  hair-germs  wlien  they  first  appear  (as  at  a,  fig.  349)  are  singnlai  ly 
like  certain  tactile  patclies  which  are  found  in  the  skin  of  ain])hibia 
and  .some  reptiles,  and  it  is  possible  that  hairs  have  become  develo])ed 
phylogenetically  from  these  patches.  It  is  well  known  that  the  tactile 
sensibility  of  many  parts  of  the  .skin  is  intimately  associated  with  the  hair.s, 
where  these  occur,  although  parts  devoid  of  hairs  may  also  have  a  highly 
developed  sense  of  touch. 
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Besides  the  hair-follicles  already  described,  which  are  provided  with 
a  papilla,  from  the  cells  on  the  surface  of  which  the  hair  and  its  inner 
root-sheath  grow  (growing;  hairs,  papillated  hairs,  hairs  with  hullow 
bulb),  there  are  many  hairs  which  are  unprovided  with  a  papilla  and 
the  follicle  of  which  ceases  at  the  level  of  attachment  of  the  arrector 
pili  muscle  {club  hairs,  non-papillated  hairs,  hairs  tvith  solid  bulb). 
These  are  hairs  which  have  lost  their  papilla  and  have  ceased  to  grow ; 
they  are  more  easily  eradicated  than  the  growing  hairs,  and  tend  to 
fall  out  spontaneously  after  a  time.    In  their  follicles  the  whole  of  the 


Fid.   347. — NeKVK  ending  in  outer  KOOT-SHEATU  ok  tactile  UAIK  Ol' 

RABBIT.    (Raiivier. ) 

n,  iierve-flbi-e  ;  m,  tactile  nieiiiscus  ;  o,  outer  root-sheath  ;  i,  Miner  root-sheath  ;  A,  hair ; 

Aj/,  hyaline  membrane. 

lower  part,  including  the  original  papilla  and  the  soft  groAving  cells 
which  cover  it,  have  entirely  disappeared,  the  hair  being  now  attached 
at  its  sides  and  below  to  the  root-sheath.  A  hair  which  has  thus 
ceased  to  grow  eventually  becomes  lost,  but  its  place  is  presently 
supplied  by  a  new  hair,  which  becomes  developed  in  a  dowu-growth 
from  the  bottom  of  the  follicle,  a  new  papilla  becoming  formed  at  the 
extremity  of  the  down-growth  (fig.  348).  If  not  previously  detached, 
the  old  hair  is  pushed  out  from  the  follicle  by  the  one  which  replaces  it. 

The  detachment  of  the  non-papillated  hairs  is  preceded  by  an  absorp- 
tion of  the  root  of  the  hair  and  of  the  investing  inner  root-sheath. 
This  absorption  appears  to  be  effected  by  the  cells  of  the  outer  sheath, 
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whicl.  multiply  at  the  expen.se  of  the  keratinised  parts  of  the  Imir  root 
aiKl  tlius  undermine  its  attachment  to  the  follicle  (fig.  .•548). 

The  hairs  are  originally  developed  in  the  embryo  in  the  form  ot 
small  solid  down-growths  from  the  Malpighian  layer  of  the  epidermis 


Fii;.  .S48.— LoNiiiTL-DiNAi.  siccrioN  tiikducii  the  kolliclk  ok  a  IIAIK  WIIK  II 

HAS  CKASKI)  TO  lillOW  AND  TIIK  KOOT  OK  WHICH  18  UNDKRUOINO  AliSOKI'- 

TioN.    Magnilied  'ifX)  diameters. 

(fig.  .349).  The  hair-germ,  as  it  is  called  (although  it  gives  rise  not 
only  to  the  hair  proper  but  also  to  the  epithelium-cells  of  the  hair- 
follicle),  is  at  first  composed  entirely  of  soft  growing  cells,  the  outermost 
and  deepest  having  a  columnar  shape;  but  presently  those  in  the 
centre  become  differentiated,  .so  as  to  produce  a  minute  hair  invested 
by  inner  root-sheath,  its  base  resting  upon  a  papilla  which  has  become 
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inclosed  by  tlie  extremity  of  the  hair-germ  and  which  is  continuous 
with  the  connective  tissue  of  the  corium  (figs.  350,  351).  As  the  minute 
hair  grows,  it  pushes  its  way  through  the  layers  of  the  epidermis, 
which  it  finally  perforates,  the  epitrichial  layer  being  thrown  off 
(p.  262).  At  the  same  time  the  follicle  grows  more  deeply  into  the 
cutis  vera,  carrying  the  papilla  down  with  it. 

The  hair-rudiments  begin  to  appear  at  the  third  or  fourth  month  of 
fcetal  life;  their  growth  is  completed  about  the  fifth  or  sixth  month, 
and  the  fine  hairs  which  they  form  constitute  a  complete  hairy  cover- 
ing termed  the  lanugo.  This  is  entirely  shed  within  a  few  months  of 
birth,  the  new  hairs  being  formed  in  down-growths  from  the  old  hair- 
follicles  in  the  manner  already  mentioned. 


ad  c  b 


Fig.  349. — Hair-germs  in  a  section  of  the  scxlv  of  a  humajj  fostus. 
(Szymonowioz. )    Magnified  230  diameters. 

a,  eoiimiencing  down-growth  of  epidermis ;  6,  further  sUige  of  do\yn-growth :  c,  eoiiiiec;- 
tive-tissue  cells  beginning  to  accumulate  to  produce  the  dermic  coat  of  the  follicle : 
d,  hair-follicle  more  advanced  in  de\  elopment ;  e,  section  of  a  blood-vessel. 

Hairs  grow  at  the  rate  of  half  an  inch  per  month.  They  are  found 
all  over  the  surface  of  the  body  except  on  the  palms  of  the  liands  and 
the  soles  of  the  feet,  and  on  the  distal  phalanges  of  the  fingers 
and  toes.  They  usually  slant,  and  in  the  negro  the  hair-follicles 
are  even  considerably  curved.  On  the  scalp  they  are  set  in  groups, 
as  is  well  seen  in  a  horizontal  section. 

The  liiiiiK  of  animals  are  often  curiously  marked  by  the  arrangement  <if 
their  medulla,  the  markings  being  characteristic  of  particular  species. 
In  some  animals,  e.g.  the  mole,  the  hairs  have  a  vai'ieose  form  with  alter- 
nate enlargements  'and  con.strictions.  In  human  hair  the  disiippe.aranee  of 
the  papilla  is  ])receded  by  its  gradual  diminution  in  size,  and  during  this 
period  the  root  of  the  hair  is  becoming  grachially  more  slender  (Ranvicr), 
so  that  when  such  a  hair  is  pulled  out  it  appears  to  be  of  le«.st  diametei- 
near  the  bulb,  in.stead  of  being  largest  there,  as  is  the  ease  under  oi-dinary 
circumstances. 


GROWTH  OF  THE  HAIRS. 


277 


Muscles  of  the  hairs.— A  small  muscle  composed  of  bundles  of 
plain  muscular  tissue  is  attached  to  each  hair-follicle  (arrector  pili) ; 
it  passes  from  the  superficial  part  of  the 
corium,  on  the  side  to  which  the  hair 
slopes,  obliquely  downwards,  to  be 
attached  near  the  bottom  of  the  follicle 
to  a  projection  formed  by  a  localised 
hypertrophy  of  the  outer  root-sheath. 
When  the  muscle  contracts,  the  hair 
becomes  more  erect,  and  the  follicle 
is  dragged  upwards  so  as  to  cause  a 
prominence  on  the  general  surface  of 
the  skin,  wliilst  the  part  of  the  corium 
from  which  the  little  muscle  arises 
is  correspondingly  depressed ;  the 
roughened  condition  known  as  'goose 
skin'  being  in  this  way  produced. 
There  is  always  a  sebaceous  gland  in 
the  triangle  formed  between  the 
arrector  pili,  the  mouth  of  the  hair- 
follicle,  and  the  epidermis,  so  that  the 
contraction  of  the  arrector  generally 
causes  the  secretion  of  the 
to  be  extruded. 


gland 


Glands  of  the  Skin. 


Fig.  350. — Developing  hair  from 
hitman  embryo  of  4j  months. 
(Ranvier. ) 
p,  papilla ;  /,  hair-nidiment ;  i,  cells  from 
which  the  iimer  root-sheath  is  becoming 
formed ;  k,  keratinised  part  of  inner 
root-sheath,  uncoloured  bj  carmine  ;  o, 
outer  root-sheath ;  b,  epithelial  projec- 
tion for  insertion  ot  arrector  pili ;  «, 
sebaceous  gland  ;  (,  sebaceous  degenera- 
tion of  cells  in  the  part  which  will 
become  the  neck  of  the  follicle.  This 
forms  a  channel  for  the  passa^re  of  the 
hair-point  through  the  Malpighian  layer. 


The  sehaceous  glands  (fig.  341)  are 
small  saccular  glands,  the  ducts  from 
which  open  into  the  mouths  of  the 
hair-follicles,  but  they  are  also  found 
in  a  few  situations  which  are  devoid  of 
hairs  (margin  of  lips,  labia  minora, 
glans,  and  prepuce).  The  Meibomian 
glands  of  the  eyelid  may  also  be  regarded  as  modified  sebaceous 
glands.  Both  the  duct  and  the  saccules  are  lined  by  epithelium, 
which  becomes  charged  with  fatty  matter.  This  sebaceous  matter 
is  discharged  into  the  cavity  of  the  saccule,  probably  owing  to  the 
disintegration  of  the  cells  within  which  it  is  formed.  There  may 
be  more  than  one  sebaceous  gland  attached  to  each  hair-follicle. 

The  sebaceous  glands  are  developed  as  outgrowths  from  the  outer 
I'oot-sheaths  (figs.  350,  351,  s). 
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The  sweat-glands  are  abundant  over  the  whole  skin,  but  they  are 
most  numerous  on  the  pahii  of  the  hand  and  on  the  sole  of  the 
foot.  They  are  composed  of  coiled  tube.s,  which  lie  in  the  deeper  part 
of  the  integument  and  send  their  ducts  up  through  the  cutis  to  open 


Fig.  351.-LoNGiTuniNAL  section  of  a  iiaik  with  its  ^°}^^'^^.  ^''^l 
SIX-MONTHS'  HUMAN  EMBRYO.     (Szymonowicz. )    Magnified  about  150 
diameters. 

«  ,m,iilla  •  h  vounir  hair  ■  i,  inner  root-sheatli ;  <'',  donnic  coat  of  follicle  :  o,  outer-root - 
^'  'Xa*  ;  .,"eoUB  gland  rudin,ent ;  h,  projection  for  insertion  of  arrector  p.h. 

on  the  surface  by  corkscrew-like  channels  in  the  epidermis  (figs.  330, 
331,  336). 

The  glandular  or  secreting  tube  is  a  convoluted  tube  composed  ot  a 
basement-membrane  lined  by  a  single  layer  of  cubical  or  columnar 
epithelium-cells,  and  with  a  layer  of  longitudinally  or  obliquely  disposed 
fibres  between  the  epithelium  and  basement-membrane  (fig.  352).  These 
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fibres  are  usually  regarded  as  muscular,  but  the  evidence  on  this  point 
is  not  conclusive.  The  secreting  tube  is  considerably  larger  than  the 
efferent  tube  or  duct,  which  begins  within  the  gland  and  usually  makes 
several  convolutions  before  leaving  the  gland  to  traverse  the  cutis  vera. 
Tlie  efferent  tube  has  an  epithelium  consisting  of  two  or  three  layers  of 
cells,  within  which  is  a  well-marked  cuticular  lining,  but  there  is  no 
musculai  layer.  The  passage  through  the  epidermis  has  no  proper  wall, 
but  is  merely  a  channel  excavated  between  the  epithelium-cells.  Very 
large  sweat-glands  occur  in  the  axilla. 


Fiu.  352. — Section  of  a  swEAT-oi.y\ND  in  the  skin  of  man. 

a,  a,  secreting  tube  in  section ;  b,  a  coil  seen  from  above ;  e,  c,  efferent  tube ;  <i,  inter- 
tul)ular  connective  tissue  witli  blood-vessels.  1,  basement-membrane ;  2,  muscular 
nbres  cut  across  ;  3,  secrctinif  epitbeliuni  of  tubule. 

The  cerumitMvs  glands  of  the  ear  (fig.  .353)  are  modified  sweat-glands. 
The  secretion  is  of  a  sebaceous  nature,  instead  of  being  watery  like 
that  of  the  ordinary  sweat-glands.  They  are  closely  associated  with 
large  sebaceous  glands  (fig.  354). 

The  sweat-glands  are  developed,  like  the  hairs,  from  down-growths 
of  the  Malpighian  layer  of  the  epidermis  into  the  corium.  They  are 
distinguishable  from  the  hair-germs  by  the  fact  that  the  cells  of  the 
outermost  layer  are  not  columnar  in  shape,  but  spheroidal  or  poly- 
hedral. The  sweat-gland  germs  which  are  thus  formed  become 
eventually  coiled  up  at  their  extremities  and  converted  into  hollow 
tubes.  The  muscular  fibres  of  the  tubes  as  well  as  the  secreting 
epithelium-cells  are  ectodermic  structures. 
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Fi(.:.  353.— Section  of  ckkuminous  gland  of  the  external  ear. 

Photograph. 

tl.  duct  of  gland,  liaxlng  a  spiral  course  and  therefore  cut  several  times ;  it  is  partly  filled 
with  cerumen  ;  ffl,  secreting  tubules  of  gland  ;  s,  extremity  of  a  tubule  of  a  sebaceous 
gland  which  extended  as  far  as  the  base  of  the  ceruniinous  gland. 


«  d  » 


Fit!.  354.— Section  siiowiNti  the  duct  of  a  cehvminoi's  oi.an'd  accomvanied 

]!Y  THE  SECRETINO  TIJBDEES  OF  LARGE  SEBACEOUS  (JLANDS. 

Photograph. 
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'10.   355. — SkCTION   of  MAMiMAKV  liUVNl)  OF  WOMAN    iniKINll  LACT.VTIOX. 

(Testut,  after  de  Sin6ty.) 
a,  lobule  of  t'laiul ;  6,  acini  lined  liy  cubical  epithelium  ;  c,  duct :  (,  coniiective-tissue 

stroma. 


Fio.  356.— Suction  of  mammaky  ci.and,  ih  man,  in  fi'i.l  activity. 

{v.  Ebnur.)     x  110. 
a,  a',  a",  alveoli  variously  cut,  and  distended  by  secretion  ;  </,  ij',  connnencin^'  ducts  ; 
t,  connective  tissue. 
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The  sweat-glands  receive  nerve-fibres,  and  each  gland  has  a  special 
cluster  of  capillary  blood-vessels. 


The  Mammaiiy  Glands. 

The  mammary  glands  are  compound  racemose  glands  which  open 
by  numerous  ducts  upon  the  apex  of  the  nipple.  The  ducts  are 
dilated  into  small  reservoirs  just  before  reaching  the  nipple.  If 
traced  backwards,  they  are  found  to  commence  in  groups  of  saccular 
alveoli  (fig.  355).  The  walls  of  the  ducts  and  alveoli  are  formed  of 
a  basement-membrane  lined  by  a  simple  layer  of  flattened  epithelium 
(fig.  356).  Milk  globules  may  be  seen  within  the  alveoli  and  ducts, 
and  at  the  commencement  of  lactation  amceboid  cells  containing 
fat  particles  appear  in  the  secretion  {colostrum  corpuscles).  These  are 
probably  emigrated  leucocytes  similar  to  the  salivary  corpuscles  of 
saliva,  but  some  authors  have  looked  upon  them  as  epithelium-cells  or 
portions  of  epithelium-cells  which  have  become  detached  from  the 
general  lining  of  the  alveoli. 


Fia.  357.— An  alveolus  with  fat-deoi'S  is  cells,    (v.  Ebner.)  x360. 

e,  cells  of  alveolus  ;  k,  cells  fonuiiig  basket-like  basenieut-nienibraue,  m ;  »,  connective 

tissue. 

Development.— The  mammary  glands  are  developed  in  the  same 
manner  as  the  sweat-glands,  excepting  that  the  secreting  part  does  not 
become  convoluted  and  tubular.  In  the  virgin  mamma  they  show 
very  few  and  small  groups  of  alveoli,  but  as  pregnancy  advances 
the  gland  ducts  bud  out  extensively,  and  many  more  alveoli  are  formed 
and  undergo  enlargement,  until  the  greater  part  of  the  connective  tissue 
in  the  mammary  region  is  permeated  by  them.    In  sections  of  the 
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Fi(i.  358. — Section  from  thk  same  cilant)  as  that  shown  in  fki.  .S55. 

(v.  Ebner.)     x  110. 

b,  connective  tisswe ;  rf,  undeveloped  alveoli ;  rf',  iiartially  developed  alveoli ; 
!/,  blood-vessels ;  »i,  portion  of  duut  with  two-layered  epitlielimn. 


284 


THE  ESSENTIALS  OF  HISTOLOGY. 


LESSON  XXVI. 

STRUCTURE  OF  THE  HEART. 

1.  In  sections  through  the  wall  of  the  auricle  note  the  relative  thickness  of 
the  epicardiuiu,  myocardium,  and  endocardium.  Observe  tlie  blood-ve.ssels 
and  nerve  fibres  under  the  epicardium,  often  embedded  in  fat  ;  hei'e  and 
there  a  ganglion  may  be  seen  under  this  membrane.  Notice  also  the  elastic 
networks  under  both  the  peiicardium  and  endocardium.  Make  a  general 
sketch  from  this  section. 

2.  In  sections  through  the  wall  of  the  ventiicle  the  sanie  points  are  to  be 
noticed.  The  muscular  fibres  are  variously  cut.  In  those  which  are  cut 
longitudinally,  the  branching  of  the  fibres  and  their  union  both  laterally 
and  by  their  branches  may  be  seen.  Notice  also  that  although  the  fibres 
are  cross-striated  this  is  less  distinct  than  in  voluntary  muscle,  and  that  the 
nuclei  lie  near  the  centre  of  each  fibre.  Transverse  markings  may  also  be 
seen  passing  across  the  fibres  between  the  nuclei  ;  this  is  usually  taken  a.s 
indicating  a  division  into  cells.  The  endocardium  is  very  thin,  especially 
over  the  columnse  carueiB. 

3.  Section  through  one  of  the  valves  of  the  heart.' 

4.  If  a  portion  of  endocardium  of  the  sheep's  heart  is  spread  out  on  a  slide 
and  examined  in  salt  solution,  a  network  of  large  beaded  fibres  nmy  be  seen 
with  a  low  power  or  even  with  a  lens  ;  they  are  also  well  seen  m  section.s. 
These  are  the  fibres  of  Purkinje  ;  they  are  formed  of  large,  sciuare-lookmg 
cells  usually  containing  two  nuclei,  and  having  striated  muscular  substance 
at  their  periphery.    The  fibres  of  Purkinje  may  also  be  seen  in  sections. 

5.  The  lymphatics  of  the  heart  may  lie  injected  wnth  Berlin  lilue  by 
sticking  the  nozzle  of  the  injecting  syringe  into  the  muscular  substance,  in 
the  interstices  of  which  the  lymphatics  arise.  These  commencing  lympliatics 
lead  to  efferent  vessels  which  pass  under  the  epicardium  towards  the  base 
of  the  heart. 

6  The  epithelium  which  covers  the  epicardium,  and  that  which  lines  the 
endocardium,  may  be  studied  in  preparations  of  the  fresh  organ  which  have 
been  well  linsed' witli  distilled  water;  then  treated  with  nitrate  of  silver, 
again  rinsed,  and  sub.sequeutly  exposed  to  the  light  and  hardened  in  alcohol. 
Surface  sections  are  to  be  made  and  mounted  m  xylol  balsam  or  dammar. 


The  muscular  tissue  of  the  heart  (mi/orardium)  forms  the  main 
thickness  of  tlie  ventricles  and  also  of  parts  of  the  auricles.  It  is 
composed  of  a  network  of  fibres  whicli  are  formed  of  uninucleated 
transversely  striated  cells,  the  structure  of  wliicii  has  already  been 
studied  (Lesson  XVI T.). 

1  Tiic  appearances  whicli  are  to  ho  studied  in  sections  1,  2.  and  3  can  all  he 
obtained  in  one  ,,ropaiation,  vi/..  a  vortical  section  inclu<bng  a  porli.in  of  auricle 
utricle  and  a  llap  of  the  intervening  auriculo  vontncular  valve. 
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In  the  interstices  of  tlio  inusculai'  bundles  tliere  is  a  little  areolar 
tissue  in  which  run  the  very  numerous  blood-capillaries  and  the 
lacunar  lymphatics. 


Fk;.  3.j9  a,  b.  Fui.  360. 


Fli:.   35!)  A,    1!.  — fSHCTIONS  OK  TllU  ItlCllIT  AUKICLK. 

A,  ICpkiiriliuiii  \\ni\  •■iiljacerit,  jiart  of  the  niyofarfliuni.  «,  serous  eiiithelhun  in  seel  ion; 
h,  <-niinecti\ e  lissiif  layer;  c,  ehustie  network;  rf,  subserous  areolar  tissue;  f,  fat; 
/,  section  of  u  hloml-x essel  ;  ,7,  a  small  garifliou  ;  A,  nuiseular  (iljres  of  Hie  uiyo- 
eardiiun  ;  i,  internuiscular  areolar  tissue. 

B,  Kndoeardiuni  and  jidjaeent  layer  of  the  niyoeariliuni.  o,  liniuf;  epithelium  ;  i,  eoii- 
ne(;tive  tissue  with  fine  elastic  fibres  ;  c,  layer  with  coarser  ehustie  fibres  ;  (/,  sub- 
endocardial comieetive  tissue  continuous  with  the  internuiscular  tissue  of  the  myo- 
cardium ;  h,  muscular  fibres  of  the  niyoeardiuni ;  in,  jilain  nuiscular  tissue  in  the 
endocardium. 

Fid.  360. — Suction  Tiiiturcii  onk  iw  tiik  ki.ai's  of  'I'iiic  aoutic  v.u.vi;,  ami 

I'AKT  ()!■•  TIIK  t:()UUICSI'()NI)IN(i  SIM'S  (IT  V.\  I.SA  l,\' A,  WITH  TlllC  AD.KIIMM: 
I'AKT  OK  THE  VKN'l'HUn' l,A It  \V.M,I,.      (  Hol'.sloy. ) 

a,  endocardium,  jirolonired  over  the  valve ;  6,  .sub-endocardial  tissue  ;  c.  fibrous  ti.ssue 
of  the  valve,  thickened  at  c'  near  the  free  edge  ;  rf,  section  of  the  luiuila  ;  v,  section 
of  the  fibrovis  rin^  ;  /,  muscular  fibres  of  the  ventricle  att/ached  to  it ;  f/,  loose  areolar 
tissue  at  the  biuse  of  the  ventricle;  k.  I'.,  sinus  of  Valsalva;  1,  2,  ;i,  irmer,  middle,  and 
outer  coats  f)f  the  aorta. 
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The  myocardium  is  covered  externally  by  a  layer  of  serous  mem 
braiie — the  epicardiiwi  (cardiac  pericardium,  fig.  359,  A) — composed 
like  other  serous  membranes,  of  connective  tissue  and  elastic  fibres. 


Fici.  36L  Fragment  of  thk  network  of  purkinje's  fibres  from  thk 

VENTRICULAR  ENDOCARDIUM  OF  THE  SHEEP.  ('Ran^'^e^.) 
c,  ulear  cell  body  ;  n,  nuclei ;  /,  striated  fibrils. 
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the  latter  being  most  numerous  in  its  deeper  parts.  Underneath  the 
epicardium  run  the  blood-vessels,  nerves,  and  lymphatic  vessels  of  the 
heart  embedded  in  areolar  and  adipose  tissue,  this  tissue  being  con- 
tinuous with  that  which  lies  between  the  muscular  bundles ;  the  free 
surface  of  the  membrane  is  covered  by  serous  epithelium. 


363.  ¥ir..  364. 

¥u:.   363. — ENI)l4N(i  OK  NON-MEl)ULL.\Ti;i)  NERVE-KIBHES  (DKKIVEI)   KKOM  THE 
SYiMl'.\TllETIC)  IN  A  SMALl,  (lAN(iLI()N   (IK  THE   llEAHT.  (Dogl'ul.) 
The  ganglion  culls  arc  not  repi-eseritwl. 

I'U:.   364. — A  SMAEL  (IANGEION  KKO.M    the   HEAKT,   SHOWINC   the  (i.VNCEION- 
UEEES  AND  THEIR  I^HOCESSES.  (l)ogiel.) 

The  endocardium  (fig.  359,  A')  has  a  structure  not  very  unlike  the 
pericardium.  Tt  is  lined  by  a  pavement-epithelium  (endothelium), 
like  that  of  a  serous  membrane,  and  consists  of  connective  tissue  with 
elastic  fibres  in  its  deeper  part,  between  which  there  may,  in  some 
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parts,  be  found  a  few  plain  muscular  fibres.  Fat  is  sometimes  met  with 
under  the  endocardium. 

In  some  animals,  e.</.  the  sheep  and  ox,  large  beaded  fibres  are 
found  under  the  endocardium.  These  are  formed  of  clear  cells  joined 
both  end  to  end  and  laterally,  and  generally  containing  in  their  centre 
two  nuclei,  whilst  the  peripheral  part  of  the  cell  is  formed  of  cross- 
striated  muscular  tissue ;  the  chains  of  cells  form  the  Jibren  of  Purkinje 
(fig.  361).  They  appear  to  be  cardiac  cells  which  have  undergone 
dijferentiation  into  striated  muscle  substance  only  at  their  periphery, 
the  non-differentiated  part  of  the  cell  ha\'ing  continued  to  grow  until  it 


Fig  365.— Tekmination  of  .\n  afkerknt  neuve-fibke  ix  the  endocakdu-m. 

(A.  S.  Dogiel.) 

has  attained  a  considerable  size.  In  man  distinct  fibres  of  Purkinje 
are  not  seeir,  but  the  innermost  muscular  fibres  of  the  ventricles  are 
larger  than  those  which  lie  more  externally:  they  also  undergo 
development  somewhat  later  (J.  B.  MacCallum). 

A  muscular  bundle  which  .shows  less  differentiation  thai,  the  rest  of  the 
cardiac  muscle  has  been  described  hy  W.  Hi.s,  jnnr.,  !>tanlev  Kent,  and 
others,  running  in  the  septum  and  affording  a  l.ridgu.g  eonneetion  between 
the  muscle  of  the  auricles  and  that  of  the  ventricles.  This  anriculo-ve7itru-ular 
bundie  is  conm.only  believed  to  serve  to  propagate  the  contnictions  ot  tlie 
auricles  to  the  ventricles  and  thus  to  maintain  then-  regularity  of  rhythm  . 
and  it  is  stated  that  when  tlie  bundle  in  question  is  severed  experiment- 
ally or  hv  disease  this  propagation  is  no  longer  possible,  and  the  ventnUes 
in  consequence  beat  with  a,  inueli  slower  rhythii.  than  the  ^''^l^f  Jhe 
accuracy  of  this  statement  is,  however,  denied  by  Kroneeker,  who  legaids 
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the  i-cguhiritv  of  tlie  eaidiae  contraetioiiH  as  a  function,  not  of  tlu'  muscular 
substance  of"  the  heart,  but  of  the  nerve  fibres,  whicli  are  distributed  to 
every  part  of  the  myocardium,  and  which  are  also  found  accom])any im,i< 
til  is  bundle. 

The  valves  of  the  heart  are  formed  of  folds  of  endocardium 
strengthened  hy  fibrous  tissue  (fig.  360).  Thi.s  tissue  forms  a  thicken- 
ing near  the  free  edge  of  tlie  valve  (<•').  At  the  base  of  the  auriculn- 
ventricular  valves  the  mu.scular  tissue  of  the  auricle  may  be  found 
passing  a  short  distance  into  the  valve.  In  the  f(etus  the.se  valves  are 
at  first  entirely  muscular. 

The  nerves  of  the  heart  are  seen  in  sections  underneath  the  epi- 
cardium  of  both  auricles  and  ventricles ;  in  the  former  situation  they 
are  connected  at  intervals  with  small  ganglia  (fig.  359,  a,  cj  ;  figs.  362  to 
364).  The  axons  of  the  ganglion-cells  pass  to  the  muscular  substance, 
and  after  dividing  into  fine  fibril.?,  end  in  enlarged  extremities,  which 
are  applied  directly  to  the  muscular  fibres  (fig.  268).  Other  medullated 
nerve-fibres,  which  are  probably  afferent,  terminate  in  complex  rami- 
fications in  the  endocardium  (fig.  365)  (Smiruow.  A.  S.  Dogiel). 

The  blood-vessels  of  the  heart  are  verj^  numerous,  and  the  veins  thin- 
walled,  retaining  the  capillary  structure  (endothelium  only)  in  vessels 
of  as  much  as  0-25  mm.  in  diameter.  They  are  accompanied  by 
numerous  lymph-vessels,  which  also  form  plexuses  under  the  cardiac 
pericardium  and  endocardium.  The  IjMiiphatics  appear  to  be  in 
fi'ee  communication  with  the  spaces  of  the  interstitial  connective 
tissue  between  the  muscle  fibres. 
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LESSON  XXVII. 

THE  TRACHEA  AND  LUNGS. 

^.  In  sections  of  the  trachea  and  larynx,  notice  the  epithelium,  the  basement- 
membrane  (of  some  thickness  in  the  human  trachea),  the  IjTiiphoid  tissue  of 
the  mucous  membrane,  the  elastic  tissue  external  to  this,  and  lastly,  the 
fibrous  membrane  containing  the  cartilages.  In  the  mucous  membrane  and 
submucous  areolar  tissue  look  for  sections  of  mucous  glands,  ducts  of  which 
may  be  seen  opening  on  the  surface.  At  the  back  of  the  trachea  notice  the 
plain  muscular  fibres  transversely  arranged  ;  there  may  be  larger  mucous 
glands  external  to  these. 

2.  In  sections  of  lung  notice  the  sections  of  the  alveoli  collected  into  gi'oups 
(air-sacs).  Find  sections  of  bronchial  tubes,  some  cut  longitudinally  and 
IDassiug  at  their  extremities  into  the  alveolar  passages,  others  cut  across.  In 
each  tube  notice  the  ciliated  epithelium  internally.  Next  to  this  the  mucous 
membrane  containing  numerous  elastic  fibres  and  often  thrown  into  folds  ; 
then  the  layer  of  circular  muscular  fibres,  and,  outside  this,  loose  fibrous 
tissue  in  which  in  larger  bronchial  tubes  pieces  of  cartilage  may  be  seen 
embedded.  Small  mucous  glands  may  also  be  observed  in  the  fibrous  tissue 
sending  their  ducts  through  the  other  layers  to  open  on  the  inner  surface. 
Notice  that  the  section  of  a  branch  of  the  pulmonary  artery  always  accom- 
panies a  section  of  a  bronchial  tube. 

In  the  sections  of  the  alveoli  observe  the  capillary  vessels  passing  from  one 
side  to  the  other  of  the  intervening  septa  ;  and  in  places  where  the  thin  wall 
of  an  alveolus  is  to  be  seen  in  the  section,  the  network  of  blood-capdlaries 
upon  it.  Notice  within  the  alveoli  nucleated  corpuscles  which  frequently 
contain  dark  particles  in  their  protoplasm.  They  are  amreboid  cells  which 
have  migrated  from  the  blood-vessels  and  lymphatics,  and  have  taken  m 
inhaled  particles  of  carbon.  They  may  pass  back  into  the  lung  tissue,  for 
similar  cells  are  seen  in  this.  Make  a  sketch  of  part  of  the  wall  of  one 
or  more  bronchial  tubes  and  of  one  or  two  of  the  alveoli. 

3.  In  sections  of  a  fresh  lung  the  air-cells  of  which  have  been  filled  with 
a  mixture  of  gelatine  and  nitrate  of  silver  solution  the  epithelium  of  the  alveoli 
may  be  studied.  The  sections  are  made  with  the  freezing  microtome,  anil 
mounted  in  glycerine,  which  should  be  warmed  after  the  cover-glass  is  applied 
in  order  to  melt  the  gelatine. 

4.  Mount  a  section  of  lung  in  which  the  pulmonary  vessels  have  been 
injected.  Study  the  general  arrangement  of  the  vessels  with  a  low  power, 
and  the  network  of  capillaries  of  the  alveoli  with  a  high  power.  Observe 
that  the  veins  run  apart  from  the  arteries.  Sketch  the  capillary  network  ot 
one  or  two  adjoining  alveoli. 


The  Trachea. 


The  trachea  or  wind-pipe  is  a  fibrous  and  muscular  tube,  the  wall 
of  which  is  rendered  somewhat  rigid  by  C-shaped  hoops  of  cartilage 
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which  are  embedded  in  the  fibrous  tissue.  The  niuscular  tissue,  which 
i.s  of  the  plain  variety,  forms  a  tlat  band,  tlie  fibres  of  whicli  run  trans- 
versely at  the  back  of  the  tube.  The  trachea  is  lined  by  a  niuctnix 
mnmhrane  (fig.  366),  which  has  ciliated  epithelium  upon  its  inner 
surface  (fig.  367).  The  epithelium-cells,  which  have  been  already 
described  (Lesson  VTTT. ),  have  goblet  cells  amongst  them  :  they  rest 


Fli:.  .SOO.  — LllNCITI'DlN.M,  SECTION  OF  THK  HITMAN  TR.\CHE.\,  INCIAIDINO  PdRTTIlNS 

1)1-  TWO  (  .\HTir,.\(:iN(ii's  RiNos.    (Klein.)    Moderatel.y  iiiiignifierl. 

a,  ciliated  ei»it,lieliinn  ;  h,  liasenieiit-inemljranc  ;  c,  su]ierficial  ]>art  of  Mie  mucous  nteiu- 
lirane,  containing'  the  sections  of  numerous  eai->illary  lilooil-vessels  and  mucti  l,vini>lioi(l 
t:i.s.sue  ;  d,  deeiier  part,  of  tlio  mucous  membrane,  coiisistinj;  mainly  of  elastic  fibres  ; 
<!,  submucous  areolar  tissue,  (^ontaininp  tbe  larger  blood-vessels,  small  nuicous  ;jlands 
{tbeir  rlucts  and  alveoli  are  seen  in  section),  fat,  etc.  ;  ./',  fibrous  tissue  investintr 
and  vmitin^  tbe  cartilages  ;  r/,  a  small  (na.ss  of  adipose  tissue  in  tlie  fibrous  la\'er  ; 
/(,  cartilage. 

upon  a  thick  basement-membrane.  The  corium  of  the  mucous 
membrane  consists  of  ai'eolar  and  lymphoid  tissue,  and  contains 
numerous  blood- vessels  and  lymphatics.  Tn  its  deepest  part  is  a  well- 
marked  layer  of  longitudinal  elastic  fibres.  Many  small  glands — 
mucous  and  mixed  iiuicous  and  sei'ous — are  found  in  the  wall  of  the 
trachea.  They  may  lie  either  within  the  mucous  membrane  or  in 
the  submucous  areolar  tissue,  or,  lastly,  at  the  back  of  the  trachea, 
outside  the  transver.se  muscular  fibres. 
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Fifi.  367.— Mucous  mkmtirane  of  larynx,  more  macnified  than  fio.  360. 

(/  a  goblet-cell  amongst  tlie  ciliated  epithelium-cells  ;  6,  basement-memlirane  ; 
lymjilioiil  t  issue  ;  «,  elastic  fllires,  cut  across. 


film  7 


-771 


ii  ilM'sl  ■■■■ 


—a 


Fic  368  -LoNoiTuniNAT,  section  TiiRor.ni  the  vENTRin.K  of  thk  larynx 

OF  A  cHii.n.  (Klom.) 

n  true  vocal  cord  :  b,  false  vocal  cord  ;  c.  nodule  of  cartilage ;  rf,  ventricle  of  Morgafmi ; 
a,  true  ^ocal  com  .     y^.^^j,,,^,,,  ^5^,,,^ .  ^_  thyro-arytenoid  muscle. 


THE  LUNGS. 


The  two  divisions  of  the  trachea,  the  bronchi,  are  precisely  similar  in 
structure  to  the  main  tube. 

The  larynx  is  also  very  like  the  trachea  so  far  as  the  structure  of 
the  mucous  membrane  is  concerned.  It  is  lined  by  ciliated  epithelium, 
but  over  the  true  vocal  cords  and  upon  the  epiglottis,  as  well  as  here 
and  there  in  the  part  above  the  glottis,  stratified  epithelium  is  found  ; 
and  taste-buds  may  occur  in  this  epithelium,  except  over  the  vocal 
cords.    Numerous  nerves  end  in  the  epithelium  (fig.  258). 

The  true  vocal  cords  are  composed  of  fine  elastic  fibres. 

Lymphoid  tissue  is  especially  abundant  in  the  mucous  membrane 
of  the  ventricle  of  Morgagni  (fig.  368,  d),  and  a  large  number  of  mucous 
glands  open  into  this  cavity  and  into  that  of  the  sacculus,  which 
communicates  with  it. 

The  cartilages  of  the  trachea  and  the  thyroid,  cricoid  and  arytenoid 
cartilages  of  the  larynx  are  hyaline ;  all  these  are  liable  to  ossify  as 
age  advances.  The  epiglottis  and  the  cartilages  of  Santorini  and  of 
Wrisberg  are  composed  of  elastic  fibro- cartilage.  This  is  also 
the  case  with  the  uppermost  part  of  the  arytenoid  and  the  tip  of  the 
vocal  process  of  the  same  cartilage. 

The  Lungs. 

The  lungs  iue  formed  by  the  ramifications  of  the  bronchial  tubes  and 
their  terminal  expansions,  which  form  groups  or  lobules  of  sacculated 
dilatations  (air-sacs,  infundibula),  beset  everywhere  with  small  irregu- 
larly hemispherical  or  cubical  bulgings,  known  as  the  air-cells  or 
puhnotiary  alveoli. 

The  bronchial  tubes  (figs.  369,  370,  371)  are  lined  (except  the 
terminal  bronchi)  by  ciliated  epithelium  which  rests  on  a  basement 
membrane.  External  to  this  is  the  corium  of  the  mucous  membrane, 
containing  a  large  number  of  longitudinal  elastic  fibres  and  some 
lymphoid  tissue.  Outside  this  again  is  a  complete  layer  of  plain 
muscular  fibres  encircling  the  tube.  Next  comes  a  loo.se  fibrous  layer 
in  which,  in  the  larger  tubes  (fig.  369),  small  plates  of  cartilage 
are  embedded.    Mucous  glands  are  also  present  in  this  tissue. 

The  extremities  of  the  bronchial  tubes  expand  into  passages,  the 
respiratory  bronchioles,  which  give  olf  branches,  termed  alveolar  ducts  or 
terminal  bronchioles.  The  walls  of  these  are  beset  with  alveoli.  The 
terminal  bronchioles  lead  through  nearly  spherical  alveolated  dilata- 
tions (the  atria)  into  a  number  of  blind  and  often  funnel-shaped 
diverticula  completely  covered  with  alveoli ;  these  are  known  as  the 
infundibula,  alveolar  sacs  or  air-sacs  (Waters).    The  arrangement  of 
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these  parts,  according  to  the  investigations  of  AV.  y.  Miller,  is  as 
follows :  Two  or  more  air-sacs,  or  groups  of  alveoli,  open  into  a 
coiuraon  chamber  (atrium),  and  three  to  six  atria  into  an  alveolar  duct 
or  tenniiial  bronchiole.    The  latter  open  into  the  respiratory  bronchioles. 


¥w.  369. — POKTIOM  OF  A  TKANSVEESE  SECTION  OF  A  BEUSCHIAL  TUBE,  HUMAN, 

6  MM.  IN  DIAMETER.    (F.  E.  Schultze. )    Magnified  30  diameters. 

a,  cartilage  and  fibrous  layer  with  mucous  glands,  and,  in  the  outer  i)art,  a  little  fat ;  in 
the  middle,  the  duct  of  a  gland  opens  on  the  inner  surface  of  the  tube ;  b,  annular 
la.\  er  of  inv  oluntary  muscular  fibres ;  c,  elastic  layer,  the  elastic  fibres  in  bundles  which 
are  seen  cut  across  ;  d,  columnar  ciliated  epithelium. 


Fi(!.  370.— Section  of  pakt  of  a  hkonchiai.  tube.    Magnified  200  diameter.';. 
a,  ciliated  epithelium  ;  b,  Imscniunt-membrane ;  c,  superficial  i>art  of  nuicous  nicnibraiu', 
with  fine  elastic  fibres ;  rf,  deeper  part  with  numerous  coarser  fibres ;  e.  plain  nuisilt 
of  bronchus  ;  /,  duct  of  (flniid  passing  Ihroinfh  nuicous  membrane. 
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whicli  are  expiuided  continuations  of  the  smallest  brouciii.  All  of 
these,  except  the  last  named,  are  beset  with  alveoli. 


Klc.   ;i71.— SkCTIUN   (II-  A  SMALL  RRONCHLVL  TIIBK,    HUMAN.      (Subotta.)      \  280. 
Tliu  ela.stiu  fibres  of  the  mueous  inembraiie  are  stained. 


Fii:.  372.— Cast  <i1'-  Limrr.K  ok  duo's  luno  sikiwino  a  sinolk  inklndi ui-lum 
(IK  aiu-sac.    (W.  S.  Miller.) 

A,  atrimn  ;  1',  vestibule  or  end  of  alveolar  duct  leading;  to  atrium;  S>,  air-sai;  (iiifundi- 
buluni);  J',  section  of  the  neck  of  a  second  air-soo  (cut  awa.v).  The  irreifular 
IH'ojections  on  the  ivtrinni  and  intmidibula  are  the  alveoli. 

The  epithelium  changes  in  character  in  the  alveolar  ducts ;  from 
columnar  and  ciliated  it  becomes  cubical  and  non-ciliated,  and  there 
are  patches  of  the  re.spiratory  epithelium  (see  below)  not  only  in  the 
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iilvooli  which  beset  the  ducts,  but  also  elsewhere  in  their  wall.  The 
plain  muscular  tissue  of  the  bronchiole  is  continued  on  the  walls  of 
the  alveolar  ducts,  but  not  on  those  of  the  atria,  although  some 
occur  round  the  mouths  of  the  atria  and  even  of  the  alveoli. 


V  8 


b 


Fill.  373.— Skction  of  lunu  (hujian),  low  power.    (F.  Meikel.) 

o,  artery  ;  u,  vein  ;  b,  respiratory  bronchiole  opening  into  alveolar  duct,  which  com- 
nninicates  with  groups  of  alveoli  (air-sacs,  «). 

The  alveoli  are  lined  by  large  irregular  ilattened  cells  (fig.  375), 
which  form  an  extremely  delicate  layer  (respiratory  epithelium), 
separating  the  blood-capillaries  from  the  air  within  the  alveoli. 
Amongst  the  flattened  cells  are  here  and  there  groups  of  smaller  and 
thicker  (cubical)  epithelium-cells.  The  capillary  network  of  the  alveoli 
is  very  close  (fig.  376),  and  the  capillary  vessels  of  adjoining  alveoli  are 
in  complete  continuity,  tlie  vessels  passing  first  to  one  side  and  then 
to  the  other  of  the  septa  which  separate  the  adjacent  alveoli.  Outside 
the  epithelium  a  thin  layer  of  connective  tissue  (basement-membrane  ?) 
forms  the  wall  of  each  alveolus.    Elastic  fibres  are  numerous  around 
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Fid.  375. — Suction  ok  i-akt  ok  c.vt's  i,i'no,  stainkd  with  nithatk  ok  silvkk. 
(Klein.)    Highly  niagnifiod. 

ISoth  the  cubioal  ami  t.lic  hiiyo  flatlened  cells  of  the  alveoli  are  shown.  In  the  niiddk' 
is  a  section  ot  a  lohulur  lironchial  tnlie,  with  ii  patcli  of  (■iihical  ciiilhelinMi-cells 
ab  one  side. 
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the  mouths  of  the  alveoH,  and  a  certain  number  course  over  the  wall 
ot"  each  alveolus. 

Blood-vessels. — Branches  of  the  pulmonary  artery  accompany  the 
bronchial  tubes  to  be  distributed  to  the  capillary  networks  upon  the 
alveoli,  from  which  the  blood  is  returned  by  the  pulmonary  veins. 
An  arteriole  runs  with  each  terminal  bronchiole,  and,  dividing  into  as 
many  branches  as  there  are  atria,  is  distributed  to  the  capillary  net- 
works of  all  the  air-cells  with  which  the  bronchiole  is  connected 
(Miller).  From  these  networks  one  or  two  venules  collect  the  blood, 
usually  coursing  (independently  of  the  arteriole)  on  the  outer  border 
of  the  group  of  infundibula,  and  unite  with  other  venules  to  form 


Fii;.  370.— Suction  of  injected  luni;  of  kabbit,  including  sever.vl  contujuous 
.VLVBOLl.    (Szymouowicz.)    Magnified  300  diameters. 

efferent  veins.  The  venules  of  the  superficial  lobules  are;  connected 
with  a  vascular  network  at  the  surface  of  the  lung  underneath  the 
pleura.  This  network  is  also  supplied  from  the  bronchial  arteries. 
The  veins,  pursuing  a  separate  course  through  the  tissue  of  the  lung, 
join  with  others  to  form  larger  vessels  which  pass  to  the  root  of  the 
lung.  Branches  from  the  bronchial  arteries  are  distributed  to  the  walls 
of  the  bronchial  tubes,  and  to  the  connective  tissue  of  the  lung, 
including  that  of  the  pleura.  Bronchial  veins  accompany  the  bronchial 
arteries  to  the  larger  tubes,  but  most  of  the  blood  brought  to  the  lungs 
by  the  bronchial  arteries  is  returned  by  the  pulmonary  veins.  Con- 
nective tissue  intervenes  everywhere  in  small  quantity  between  the 
infundibula  (interstitial  tissue),  and  forms  a  distinct  layer,  containing 
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much  elastic  tissue,  covering  the  surface  of  the  lung  undei'ueath  the 
serous  membrane  (subserous  tissue).  In  some  animals  {e.<j.  guinea-pig) 
the  subserous  layer  contains  plain  muscular  tissue,  which  is  especially 
developed  near  the  lung-apex  ;  it  has  not  been  detected  in  man. 

The  Isnnphatics  of  the  lung  accompany  the  bronchial  tubes,  the 
Ijranches  of  the  pulmonary  artery,  and  the  branches  of  the  pulmonary 
\  ein ;  and  they  also  form  a  network  in  the  pleura.  The  atria  and 
air-sacs  have  no  lymphatics  in  their  walls  (Miller).  The  bronchial 
lymphatics  are  less  superficial  than  the  corresponding  blood-vessels. 
The  larger  tubes  have  two  plexuses,  one  within  the  other  outside  the 
cartilages.  The  smaller  have  only  one  set.  The  lymphatics  of  the 
bronchi  are  connected  with  those  of  the  arteries  and  veins  by  lateral 
branches  curving  off  at  the  divarications  of  the  tubes ;  at  these  points 
there  is  usually  an  accumulation  of  lymphoid  tissue.  The  larger 
arteries  and  veins  have  two  accompanying  lymphatics,  the  smaller  only 
one.  All  the  lymphatics  tend  towards  the  hilus,  and  enter  lymphatic 
glands  at  the  root  of  the  lung.  Those  in  the  pleura  have  been  said  to 
communicate,  by  means  of  stomata  between  the  epithelial  cells  of  the 
serous  membrane,  with  the  cavity  of  the  pleura ;  this  connection  is 
denied  by  Miller.  The  lymphatics  of  the  pleura  are  furnished  with 
numerous  valves. 

The  pleura,  which  covers  the  surface  of  the  lung,  has  the  usual 
structure  of  a  serous  membrane  (p.  230  and  fig.  298).  It  is  provided 
with  a  special  network  of  blood-vessels,  which  is  supplied  partly  from 
the  pulmonary  vessels  of  the  superficial  lobules,  partly  from  the 
bronchial  arteries. 

The  lung  is  developed  in  the  same  manner  as  a  secretory  gland,  to 
which,  up  to  a  certain  period  of  formation,  it  bears  a  close  resemblance. 
Its  alveoli  correspond  with  those  of  a  racemose  gland,  and  the  cells 
which  line  them  are,  prior  to  the  introduction  of  air,  of  some  thickness 
and  of  protoplasmic  nature.  It  is  only  after  the  organ  has  come  into 
use  for  respiration  that  they  acquire  the  thin  flattened  scaly  appearance 
which  most  of  them  present  in  the  adult  lung. 
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LESSON  XXVIII. 

STRUCTURE  AND  DEVELOPMENT  OF  THE  TEETH. 

1.  Study  iirat  with  the  low  power  and  afterwards  with  the  high  ix)wer  a 
longitudinal  section  of  a  human  tooth  which  has  been  pi'eijai-ed  by  grinding. 
It  is  better  to  purchase  this  specimen,  foi'  the  process  of  preparation  is 
difficult  and  tedious  without  the  aid  of  special  afipaiutus.  Examine  care- 
fully the  enamel,  the  dentine,  and  the  cement.  The  dai'k  appeaiuuce  of  the 
dentinal  tubules  is  due  to  their  containing  air  in  the  dried  specimen. 
Measure  the  diametei'  of  the  enamel  pi'isms  and  of  some  of  the  dentinal 
tubules.    Make  sketches  from  each  of  the  tissues. 

2.  Section  of  a  tooth  in  situ,  which  has  been  decalcified  aftei'  fixation,  and 
stained.  In  this  section  the  mode  of  implantation  of  a  tooth,  as  well  as  the 
structure  of  the  pulp,  can  be  made  out.  Make  a  general  sketch  under  a  low 
power,  and  under  a  high  power  chaw  a  small  piece  of  the  pulp  .showiiig  the 
pi'ocesses  of  the  odontoblasts  extending  into  the  dentinal  tubules. 

3.  The  development  of  the  teeth  and  the  formation  of  their  tissues  are 
studied  in  sections  made  across  the  snout  and  lowei'  jaw  of  fd'tal  and  young 
animals.  The  preparations  may  be  stained  in  bulk  or  the  indi\  idual  sections 
may  be  stained. 


The  Teeth. 

A  tooth  consists  in  man  o£  three  calcified  tissues ;  enamel,  which 
is  of  epithelial  origin,  dentine,  and  cement  or  crusta  jjetrosa.  The 
dentine  forms  the  main  substance  of  a  tooth,  the  enamel  covers  the 
crown,  and  the  cement  is  a  layer  of  bone  which  invests  the  root 
(figs.  377  to  379). 

Enamel  is  formed  of  elongated  hexagonal  prisms  (figs.  380,  381), 
which  are  set  vertically,  or  with  a  slight  curvature,  upon  the  surface 
of  the  dentine.  They  are  marked  at  tolerably  regular  intervals  with 
slight  transverse  shadings  producing  an  indistinct  cross-striated  appear- 
ance. Sometimes  coloured  lines  run  through  the  enamel  across  the 
direction  of  its  prisms.  The  enamel  prisms  have  when  first  laid  down 
a  fibrous  structure,  but  this  becomes  obscured  after  their  calcification 
is  complete.  C.  Tomes  has  shown  that  the  enamel  of  the  fully  formed 
tooth  contains  only  an  extremely  minute  proportion  of  animal  matter : 
practically  it  is  wholly  composed  of  earthy  matter  (lime  salts). 

Dentine  is  constituted  of  a  hard  dense  substance  like  bone,  but 
containing  no  Haversian  canals  or  lacunas.  It  is  pierced  everywhere 
by  fine  canaliculi  {dentinal  tubules,  fig.  382),  radiating  outwards  from  a 
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central  cavity  which,  during  life,  contains  the  pulp.  The  tubule.s 
branch  at  acute  angles  as  they  pass  outwards  ;  their  branches  become 
gradually  finer  towards  the  periphery  of  the  dentine.  The  dentinal 
tubules  are  occupied  by  processes  of  the  odontoblasts  (p.  305). 


Fill.  377.— Verticai.  skction  ov  a  tooth  in  situ.  (Waldeyer.) 

c,  is  placed  in  tlie  piilp-cavity,  opposite  tlie  cervix  or  neck  of  the  tootli ;  tlie  part.  ivl>ove  is 
the  crown,  that  1)elow'  is  the  root  (fang).  I,  enamel  witli  radial  and  concrcntric 
markings ;  3,  dentine  with  tubules  and  incremental  lines ;  fl,  cement  or  cru.sta  jietrosa, 
with  hone  corpuscles ;  A,  dental  periosteum  ;  .>,  bone  of  lower  jaw. 

The  tubules  have  a  proper  wall  of  their  own,  which  can  be  isolated 
by  steeping  a  section  of  tooth  in  strong  hydrochloric  acid.  In  the 
living  tooth  they  are  occupied  by  protoplasmic  fibres  (Tomes'  fibres), 
which  are  prolonged  from  the  superficial  cells  of  the  pulp. 
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The  interfcubulai-  substance  appears  for  the  most  part  homogeneous, 
but  here  and  there  indications  can  be  seen  in  it  of  a  globular  forma- 
tion.   This  is  especially  the  case  near  the  surface  of  the  dentine, 


Fio.  378.— Section  of  molar  tooth.  (Sobotta.) 


K,  enamel :  n,  dentine  ;  O,  cement ;  P.  iniln  cnvit.\-. 
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where  the  globular  deposit  and  the  interglobular  spaces  may  produce 
a  granular  appearance  {granular  layer,  fig.  379,  g),  and  also  in  the 
course  of  certain  lines  oi-  clefts  which  are  seen  traversing  the  dentine 
across  the  direction  of  the  tubules  {interglobular  spaces,  incremental  lines, 

6 


■'4  * 


Fig.  379. — Cross-section  of  boot  of  canine  tooth,  human. 
(Sobotta. )    X  25. 
D,  dentine ;  G,  its  (granular  layer  ;  C,  cement ;  P,  pulp  cavity. 

fig.  377,  shown  magnified  in  fig.  384).  After  decalcification  the 
dentine  can  be  separated  into  lamellai  along  these  incremental  lines. 

The  animal  matter  of  dentine  resembles  bone  and  the  connective 
tissues  generally  in  having  its  ground-substance  pervaded  by  fibres 
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which  yield  gelatine  on  boiling.  These  fibres,  which  have  been 
especially  investigated  by  v.  Ebner  and  by  Mummery,  are  difficult  of 
demonstration  in  the  fully  calcified  dentine  ;  but  in  developing  dentine 


FicJ.  380.— Section  throucxH  the  enamel  of  a  tooth. 
Magnified  200  diameters.    (Rauber. ) 

n  nroiection  of  dentine,  showing  some  of  its  tul)ules,  b,  penetrating  into  the  enajiiel : 
'  '  c?rena"nel  fibi  es  cut  longitudinally ;  d,  d,  prisms  cut  transversely  ;  e,  cuticle  of  the 


enamel. 


Fio.  381. -Enamel  PRISMS.    Magnified  330  diameters.  (KdUiker.) 


A  Fragments  and  single  nhres  of  the  enamel,  isolated  hy  the  action  of  l;>*oc''loji^  acid. 
b:  sSe  of  a  small  fragment  of  enamel,  showing  the  hexagonal  ends  of  the  nin-cs. 


TML-;  TliKTll. 


and  ill  dentine  wliich  is  attacked  by  caries,  they  are  inure  easily 
shown.    They  run  for  the  most  part  parallel  to  the  surface. 

The  pulp  (fig.  385)  consists  of  a  soft,  somewhat  jelly-like,  connective 
tissue,  containing  many  branched  cells,  a  network  of  blood-vessels,  and 


Fic.  382.  F,,:. 


Fk!.  382.— Suction  ok  k.anc,  i'.vk.m,m:l  to  dentin.w,  ti  i;ri,i;s. 
Magnified  300  diametois.  (Waldeyer.) 
1,  ffiiieiit,  with  lar^'c  Iione  laciiii;o  and  iriilioatioiis  of  lainullu) ;  ?,  ),'ramilai-  lavur  of  I'lirkiiijc 
(inter|,'lol)iilai-  sjiai-cs) ;  •;,  dentinal  tulmlcs. 

Fia.  383.— Sections  of  dkntin.vi,  tumulus.    Magnified  about  300  diameter.s. 

(Fraenckel.) 
a,  cut  across  ;  6,  out  oliliiniel.v. 

Fii:.  384. — A  sm.m.i,  i'oktion  ok  iientink  with  i NTKKiii.ourhAK  si'ac|.>'. 
MagiiiKed  350  diameters.  (Kiilliker.) 
c,  portion  of  iriiircniental  linu  formed  Ijy  the  intiM-jflolmlar  spaces,  w  hicli  arc  liuru  llllwl 
Iiy  a  transparent  niatci-ial. 

many  nerve-fibres  which  pass  into  the  pulp-cavity  along  with  the  blood- 
vessels by  a  minute  canal  at  the  ape.x  of  the  fang.  The  superficial 
cells  of  the  pulp  form  an  almost  continuous  layer,  like  an  epithelium 
(fig.  385,  Ocl,  Od').  They  are  known  as  odontvblastsj  from  having  been 
20 
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concerned  in  the  foi-mation  of  the  dentine.  The  nerve  fibres  are  said 
to  pass  eventually  between  the  odontoblasts  and  to  end  in  arborisa- 
tions close  to  the  dentine,  but  they  have  not  been  followed  into  the 
dentinal  tubules. 

The  crusta  petrosa  (tigs.  379,  382)  is  a  layer  of  lamellated  bone, 
including  lacunie  and  canaliculi,  but  without  Haversian  canals,  at  least 
normally,  in  the  human  teeth.  It  is  covered  with  periosteum  {dental 
periosteum),  which  also  lines  the  socket,  and  serves  to  fix  the  tooth 
securely. 


Fio.  385. -Section  across  the  boot  of  a  younc  tooth  sHOWist;  the 

PULP  IN  SITU.  (Riise.) 
P  ,mln-  1-  r  veins;  .4,  J, -i,  arterioles  :  JV,  nerve  bundles  .  Od,  columnar  oilontobla^^ 
'  ^still'deVL'iting  dentine;  Od:  flattened  odontoblasts  which  have  ceased  to  fonn 
dentine. 

Formation  of  the  teeth.— The  teeth  are  developed  somewhat  similarly 
to  the  hairs.  A  continuous  thickening  of  the  epithelium  occurs  along 
the  line  of  the  gums,  and  grows  into  the  corium  of  the  mucous  membrane 
(common  dental  cjerm  or  dental  lamina,  fig.  386,  a).  At  regular  intervals 
there  is  yet  a  further  thickening  and  growth  from  the  common  germ 
into  the  tissue  of  the  mucous  membrane,  each  of  these  special  rudi- 
ments, which  are  ten  in  number,  swelling  out  below  into  a  flask-shaped 
mass  of  cells,  the  special  dental  germ  (fig.  386,  u)  of  a  milk-tooth,  ihe 
intermediate  parts  of  the  dental  lamina  long  remain,  forunng  a  common 
epithelial  strand  uniting  the  several  special  dental  germs  to  one  anotlier 
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and  to  the  epithelium  covering  the  gum  (fig.  386,  c,  D,f).  A  vascular 
papilla  is  contiuued  from  the  curium  into  the  bottom  of  each  special 

A  i; 


Fic.  386. 

A.  Suction  .ujross  tiik  i'im'er  .)a\v  of  .\  f(ktai.  siikki',  :i  (•entimktkrs  i.oni;. 

(VValdeyer. ) 

1,  ooniiiioii  dental  laniinii  ilijiiMnj;  down  into  the  niiieous  nienibiane  wliere  it  is  half  sur- 
i-oiiiided  h.v  a  horscshoe-sliaped  more  dense-looking  tissue,  the  germ  of  the  dentine 
and  denUil  sac  ;      palatine  process  of  the  maxilla. 

B.  SkCTION  KKUM  F(KT.\LC.\LFSIMlLAKTUTIl.\TSirO\VN  IN  A,  liUT  I'ASSIKC  TURdl'CIl 
OSK  OF  THK  SPECIAL  DENTAL  (iERMS  HERE  HECOMINd  FI^ASK-SIIAI'EI).  (Riisii.) 

(t,  epithelium  of  mouth,  thickened  at  b,  above  special  dental  germ  ;  c,  papilla;  <l,  special 
dental  germ  ;  e,  enamel  epithelium  ;  /,  dental  sac. 
Ca.ndD.  Sections  at  l.vtrr  stages  than  A  and  B,  the  i'aimi,i,a  iiavino 

JIECOME    FORMED    AND    HAVING    UECOME     PARTLY    SURnoUNDED     HY  THE 

EPITHELIAL  (inR.M.  (Kolliker.) 

c,  epithelium  ot  gum,  sketched  in  outline  :  /,  neck  of  dental  germ  :      enamel  organ  :  c, 
;rn  hT'h',  ii'''H '■  '  "'t"  the  eorium  ;      papilla;      dental  sac 

toinung.    In  D,  the  dental  germ  (Jl')  of  the  corresponding  permanent  tooth  is  seen 
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germ  (fig.  386,  c,  u,  p) ;  this  papilla  has  the  sliape  of  the  crown  of  the 
future  tooth.  Eaoh  special  dental  germ,  with  its  included  papilla, 
presently  becomes  almost  entirely  cut  off  fi-om  the  epithelium  of  the 
mouth,  and  surrounded  by  a  vascular  membrane— the  denial  >hk. 
The  papilla  becomes  transformed  into  the  dentine  and  pulp  of  the 
future  tooth,  and  the  enamel  is  deposited  upon  its  surface  by  the 
epithelial  cells  of  the  dental  germ.  The  root  of  the  tooth,  with  its 
covering  of  cement,  is  formed  at  a  later  period,  when  the  tooth  is 
beo-inuing  to  grow  up  through  the  gum,  by  a  gradual  elongation  of  the 


il.i. 


'  I 


Vu.   -iHl  —Section  or  a  develownu  IxNcisok  tooth  ok  a  iium.vx  e.mhRyo. 
rkie  )   The  s™  ALSO  includes  the  uekm  of  the  au.acknt  tooth. 

DK,  dcta,  papilla;  orf,  o^onUM^^  l>,^^^  P;^^^^^  IV^. — ' d^n,^ 
enamel-oi-iran  ;  '^"•■y"^'  1"     '  ^^^^^^  with  the  enanu-l-orgni, : 

nlor^iS^h^iiun?^  e',  ^;;:^1  tl^^^ioiaoenf  tooth-^ern.;      reserve  ,ern. 
of  perniaiieiit  tooth. 

base  of  the  papilla.  The  shaping  of  this  into  the  form  of  the  root  is 
determined  by  a  growth  of  the  epithelium  of  the  edge  of  the  en.me 
germ,  which  extends  in  the  form  of  a  fold  (the  epUkehal  .healk  of 
V  Br'unn)  towards  the  future  apex  of  each  fang. 
■  Previously  to  the  deposition  of  the  enamel,  the  denUl  germ  under- 
goes a  peculiar  transformation  of  its  previously  polyhedral  epithehun. 
^ells  into  three  layers  of  modified  cells.  One  of  these  is  a  layer  of 
lumnar  cells  (aJloLlasis,  fig.  388,  a),  immediately  covering  the  surface 
of  the  dentine  The  enamel-prisms  are  produced  by  a  fibrous  fc.  ma 
tion  (fi-  389,/)  followed  by  a  deposition  of  calcareous  salts,  hes . 
changes  taldngpLe  altogether  external  to  the  cells  (or,  as  some  hold. 
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by  a  direct  calcification  of  their  protoplasm).  The  cells  next  to  the 
dental  sac  form  a  single  layer  of  cubical  epithelium  (fig.  387,  e),  and 
nearly  all  the  other  cells  of  the  dental  germ  become  transformed  into 
branching  corpuscles  (fig.  387,  SP ;  fig.  388,  p)  communicating  by 
their  processes,  and  thus  forming  a  continuous  network.  The  dental 
germ,  after  it  is  thus  modified,  is  known  as  the  enamel  organ. 

The  deidine  of  the  tooth  is  formed  by  calcification  of  the  suface  of 
the  papilla.  At  this  surface  there  is  a  well-marked  layer  of  odonto- 
blasts (fig.  390,  od;  fig.  391,  c),  and  these  produce  a  layer  of  fibrillated 


Fid.  388. — Section  showini!  thk  structure  of  the  i'.\rt  of  the  en.vmei, 

OROAN  WHICH  lies  NEXT  TO  THE  DENTINE.  (Rijse.) 

r/,  dentine  ;  e,  newl.v  formed  enamel  stained  lilack  by  osniie  acid ;  T,  Tomes'  processes 
from  the  ameloblasts,  o ;  str.  int..  stratmn  intermedium  of  enamel  ortjan ;  p, 
branclied  cells  of  enamel  pulp. 

Fi(i.  389.— DEVELorTN(;  enamei,  showino  amelohl.a.sts  and  the  Fiimoi'S 

SUBSTANCE  I'RODDCED  BY  THESE  CELLS,  WHICH   FORMS  THE  BASIS  OF  THE 

ENAMEL  PRISMS.    (From  a  pliotograph  by  Leon  Williams.) 
a,  portions  of  the  ameloblasts :  /,  fibrous  basis  of  enamel  prisms  :  e,  calcified  i>art  of  enamel. 

dentinal  matrix  which  forms  a  sort  of  cap  to  the  papilla,  and  which 
soon  becomes  calcified  by  the  deposition  of  globules  of  calcareous 
matter.  Processes  of  the  odontoblasts  remain  in  the  dentine  as  it  is 
forming,  and  thus  the  dentinal  tubules  are  produced.  Subsequently 
other  layers  of  dentine  are  formed  within  the  first  by  a  repetition  of  the 
same  process,  and  in  this  way  the  papilla  gradually  becomes  calcified. 
A  part,  however,  remains  unaltered  in  the  centre  of  the  tooth,  and 
with  its  covering  of  odontoblasts  forms  the  pulp. 

The  ten  milk-teeth  are  formed  in  each  jaw  in  the  manner  flescribed. 
These,  however,  become  lost  within  a  few  years  after  birth,  and  are 
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replaced  by  permanent  teeth  in  much  the  same  way  that  a  new  succes- 
sion of  hair  occurs.  A  small  outgrowth  takes  place  at  an  early  period 
from  the  dental  germ  close  to  each  of  the  milk-teeth  (fig.  386,  T),fp), 


Fig.  390.— Part  of  a  section  of  nKvr.i.opinf!  tooth  of  i>ig.    (v.  Korflf.) 

(I,  ameloblost.s ;  d,  fibres  of  the  first  formed  layer  of  dentine  ;  oti,  odontol)last.>i :  p,  pnlp. 
Tlie  filjres  of  the  pulp  are  seen  to  be  in  continuity  witli  those  which  enter  into  the 
formation  of  the  dentine. 


Fif!.  391.— Part  of  section  of  dkvelopino  tooth  of  yoi'nc  k.\t,  snowiNt; 
the  mode  of  deposition  of  the  dentine.    Highly  magnified. 

a,  outer  layer  of  fully  calcified  dentine ;  i»,  uncalcificd  matrix,  \yith  a  fe\v  nodiilcs  of 
calcareous  matter';  c,  odontoblasts  \vith  processes  oxtendiuK  mt-o  the  dentuie :  </, 
pulp.  The  section  beiu);  stained,  the  unoAlcifiert  matrix  is  coloured,  but  not  the 
calcified  i)art. 

and  this  eventually  becomes  the  germ  of  the  corresponding  permanent 
tooth.  It  gradually  enlarges,  acquires  a  papilla,  forms  an  enamel 
organ :  in  short,  passes  through  the  same  phase^s  of  development  as 
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the  germ  of  the  milk-tooth  ;  and  when  tlie  milk-tooth  drops  out  of  the 
jaw  in  consequence  of  the  absorption  of  its  roots  (by  osteoclasts)  the 
permanent  tooth  grows  up  into  its  place. 

There  are  six  permanent  teeth  in  each  jaw  which  do  not  succeed 
milk-teeth  ;  these  are  the  permanent  molars.  They  are  developed  from 
an  e.xtension  backwards  on  each  side  of  the  jaw  of  the  original  epithelial 
thickening  or  common  dental  germ  and  by  the  downgrowth  from  this 
into  the  corium  of  three  successive  special  germs  at  comparatively  long 
intervals  of  time.  Within  these  the  tissues  of  the  permanent  molars 
become  formed  in  a  manner  exactly  similai-  to  that  in  which  the 
milk-teeth  are  developed. 
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LESSON  XXIX. 

THE  TONGUE  AND  THE  GUSTATORY  ORGANS.  THE 
MUCOUS  MEMBRANE  OF  THE  MOUTH.  THE 
PHA  R  YNX  Q'JSOPHA  G  US. 

1.  Suctions  of  tlie  tongue  vertical  to  the  surf  ace,  stained  witli  hajmatoxylin 
and  eosin.  The  sections  should  be  taken  from  different  paits  and  inchide  all 
three  kinds  of  papillse. 

2.  Sections  of  injected  tongue. 

.3.  Sections  of  the  papilla  foliata  of  the  rabbit,  stained  with  hematoxylin 
and  eosin  to  show  the  taste-buds  in  situ. 

The  cells  composing  the  taste-buds  are  studied  by  teasing  osmic  prepara- 
tions of  the  papilla  foliata  ;  the  nerve-endings  are  seen  in  sections  of  papillaj 
foliatfe  which  have  been  treated  by  Golgi's  osmic-bichromate-silvei-  method. 

4.  Sections  nf  the  pharynx  and  of  the  (i-sophagus  .stained  with  hema- 
toxylin and  eosin. 


The  tongue  is  mainly  composed  of  striated  muscular  fibres,  running 
some  longitudinally,  and  others  transversely.  It  is  covered  by  a  mucous 
membrane,  the  epithelium  of  which,  like  that  of  the  rest  of  the  mouth, 
is  thick  and  stratified,  and  conceals  microscopic  papillse  (fig.  392)  like 
those  of  the  skin.  Besides  these,  the  upper  surface  of  the  organ  is 
covered  with  larger  papilL-e,  which  give  it  a  rough  appearance.  These, 
which  are  termed  the  lingnal  jxipi/la;  are  of  three  kinds :  (1)  About 
twelve  or  thirteen  comparatively  large  circular  projections,  each  of 
which  is  surrounded  by  a  narrow  groove  (fossa),  external  to  which 
the  mucous  membrane  is  raised  above  the  general  level  (vallum) 
(fig.  393).  These  papillaj  form  a  V-shaped  line  towards  the  back  of 
the  tongue;  they  receive  filaments  of  the  glosso-pharyngeal  nerve, 
and  have  taste-buds  in  the  epithelium  which  covers  their  sides,  and 
in  that  of  the  side  of  the  vallum.  They  are  known  as  the  circumraUnte. 
2mpilhH.  (2)  All  the  rest  of  the  papillary  surface  of  the  tongue  is 
covered  by  conical  papilla',  so  named  from  the  conical  pointed  cap  of 
epithelium  which  is  borne  by  each  ;  sometimes  this  cap  is  fringed 
with  fine  epithelial  filaments,  wiien  they  are  tevm&\  filiform  (fig.  394). 
(3)  Scattered  here  and  there  amongst  the  conical  papillae  are  other 
larger  papilla;,  Wvq  fungiform  (fig.  395).  These  are  very  vascular,  and 
lie  partly  embedded  in  little  depressions  of  tiie  mucous  mendirane. 

Small  tubular  glands  may  be  seen  between  the  superficial  muscular 
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fibres  senclinsT  tlieir  ducts  to  the  surface.  Most  of  them  secrete  iinicus, 
but  those  whicli  open  into  the  trendies  of  the  circiimvaUate  papilla' 


Fic.  392.— Section  of 

Ml'Cm^S  MEMBR.VN'E 
OF  .MOUTir,  SHOWINt; 
TIIUEK  MK'RO.SCOrif 
l'APU,I,.E  .\ND  STKA- 
TIFIEO  EriTHEhir.M. 
'I'UK  ni.OOD-VKSSKl.S 
ll.\VE  UEEN  IN- 
JECTED. (Toklt.) 


Flli.  393. — 8ECTI0.V  OF  (iUfUMV.VLUVl'E  1>AI'IIJ,.\, 
III'MAN.  The  FIOfKE  l.N'CLUDES  OXE  SIT)K  OF  THE 
I'AI'II.EA      AND     THE     AD.lOININd     I'AKT     OF  THE 

VAEH'.M.  Magnified  !.■)() diameters.  (Heitznmnn.) 

E,  eiiil heliiiin  :  G,  UisU'-ljud';  C.  eoriiiiii  vvilli  injci-lril 
l)lon(l.\  esscls  :  ^^,  with  find. 


I'^ic.  394. — Section  oetwo  fimfdum 
i'Ai'ii,i,..E,  HUMAN.  (Heitznianii.) 

/•/',  eijillieliuin  ;  C,  cciriiiiii  ;      l.\ iiiphdirl 
t,\»me  :  M,  ni\isi-iilai-  Hbi-ps  of  ioiifriU'- 


.39"). — Sectkin  or  i'i  noifoum  rAi'ii.i.A, 
Hi'MAN.  (Heil./iiiaiiii. )  Lcllcrs  as  in 
previou.s  ligiUT. 
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and  a  few  others  elsewhere,  yield  an  albuminous  secretion  {serous  ylands, 
glands  of  Elmer). 

The  mucous  membrane  at  the  back  of  the  tongue  contains  a  large 
amount  of  lymphoid  tissue. 

Taste-l)uds. — The  minute  gustatory  organs  which  are  known  as  tctstfi- 
huds  or  taste-bulbs  may  be  seen  in  sections  which  pass  through  the 


P 


Fl(i.   .SOfi.— ToNdUE  OF  BABBIT,   STIOWINf!  TTTE  SITUATTOX  OF  TIIIC 
PAI'ILT,.!'!  FIILTATJE,  p. 


^5 


jTif.   397. —Vertical  section  of  papilla  foliata  of  the  rabbit,  passing 
■\CR0SS  THE  foli/E.  (Rivnvier.) 

liuncUes  ;  a,  serous  pland. 

papilliB  vallatse  or  the  papillae  fungiformes ;  they  are  also  present  here 
and  there  in  the  epithelium  of  the  general  mucous  membrane  of  the 
ton-ue,  especially  at  the  back  and  sides,  and  occur  also  upon  the  under 
surface  of  the  soft  palate,  and  on  the  epiglottis.  But  they  are  most 
easily  studied  in  the  papilU^  foliata^  of  the  rabbit,  two  small  oval  areas 
lyin.^  on  either  side  of  the  back  of  the  tongue,  and  marked  transversely 
with  a  number  of  small  ridges  or  lamina>  with  intervening  furrows 


THE  TASTE-BUDS. 


(see  fig.  396).  Sections  across  the  ridges  show  numerous  t.aste-burls 
embedded  in  the  thick  epitheUum  which  clothes  their  sides  (fig.  397). 

The  taste-buds  are  ovoid  clusters  of  epithelium-cells  which  lie  in 
cavities  in  the  stratified  epithelium  (fig.  398).  The  base  of  the  taste- 
bud  rests  upon  the  corium  of  the  mucous  membrane,  and  receives  a 
branch  of  the  glosso-pharyngeal  nerve  ;  the  apex  is  narrow  and  com- 


Fic.  .'{QH. — A  TASTE-unn  within  tiik  strattfiko  ni'iTiiKi.irM  ok  thk 
TONOUE.    (Sobotta. )     X  "jOO. 
<rusl,at.ory  cells  ;  u,  snsteiitjiciilar  cells  ;  ep,  e)iitlielium  ;  p,  irustatory  pove  ;  h,  Imirlels. 


Fi(i.  .SOO. — Vartoiis  r"Ei,r,s  from  taste-bxtd  of  habbtt.  (Engclniann.) 

(iOO  diameters. 

o,  four  gustatory  cell.s  from  central  i)art ;  b,  two  sustentacular  cells,  and  one  tri'statory 
cell,  in  connection  ;  r,  three  sustentacular  cells. 


municates  with  the  cavity  of  the  mouth  by  a  small  pore  in  the  superficial 
epithelium  {gustatory  pore,  fig.  398,  p). 

The  cells  which  compose  the  taste-buds  are  of  two  kinds,  viz. :  1.  The 
gustatory  cells  (fig.  399,  a),  which  are  delicate  fusiform  or  bipolar  cells 
composed  of  the  cell-body  or  nucleated  enlargement,  and  of  two  pro- 
cesses, one  di.stal,  the  other  proximal.  The  distal  proce.ss  is  nearly 
straight,  and  passes  towards  the  apex  of  tlie  taste-bud,  where  it 
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terminates  in  a  small,  highly  refracting  cilium-like  appendage,  which 
projects  into  the  gustatory  pore  above  mentioned,  but  the  cell-body 

does  not  itself  quite  reach  the  pore.  The 
pro.Kimal  process  is  more  delicate  than  the 
other,  and  is  often  branclied  and  varicose. 
The  nerve -fibres  (fig.  400)  terminate  in 
ramifications  amongst  the  gustatory  cells 
(Retzius).  2.  The  sustentacular  cells  (fig. 
.399,  c),  which  are  elongated  cells,  mostly 
flattened,  and  pointed  at  their  ends;  they 
lie  between  the  gustatory  cells,  which  they 
tlius  appear  to  support,  and  in  addition  they 
form  a  sort  of  envelope  or  covering  to  the 
taste-bud.  Between  the  cells  of  the  taste- 
bud  lymph-corpuscles  are  often  seen,  having 
probably  wandered  hither  from  the  subjacent 
mucous  membrane.  Connective-tissue  fibrils 
penetrate  between  the  taste-bud  and  the 
stratified  epithelium  in  which  it  is  embedded 
(Drasch). 

The  mucous  membrane  of  the  mouth  is 

lined  by  a  stratified  epithelium  (fig.  401)  into 
which  microscopic  vascular  and,  in  some  parts, 
nerve-containing  papillte  project.  The  corium  is  formed  of  connective 
tissue  and  contains  within  and  beneath  it  a  large  number  of  small 
secretory  glands  (buccal  glands).  Most  of  these  secrete  mucus,  but 
some  are  of  the  mixed  type  (see  under  salivary  glands,  p.  325) :  this  is 
the  case,  for  example,  with  the  glands  of  the  lips.  The  ducts  of  the 
buccal  glands  open  everywhere  upon  the  surface  of  the  membrane,  and 
the  openings  of  the  large  ducts  belonging  to  the  salivary  glands  are 
also  -seen  at  certain  parts. 

The  pharynx  is  composed  of  a  Jibi-ous  membrane  which  is  encircled 
by  striated  muscles,  the  constrictors,  and  lined  by  mucotuo  memhrmie. 
The  mucous  membrane  is  covered  on  its  inner  surface  over  the 
upper  part  of  the  pharynx  with  ciliated  epithelium,  which  is 
continuous  with  that  of  the  nostrils,  and  through  the  Eustachian 
tube  with  that  of  the  tympanum.  Below  the  level  of  the  soft  palate 
the  epithelium  is  stratified  like  that  of  the  mouth  and  gullet,  into 
which  it  passes.  Tn  certain  paits  tlie  mucous  membrane  contains  a 
large  amount  of  lymphoid  tissue,  and  tliere  are  numerous  glands 
opening  on  its  surface. 

The  oesophagus  or  gullet,  which  passes  from  the  pharynx  to  tlie 


Fi(i.  400. — Nerve-endings 
IN T.\STE-iirDS.  (G.  Retzius.) 

n,  nerve-fibres ;  taste-b>irts  in 
outline  ;  i,  ending  of  fibrils  with- 
in taste-bud;  p,  ending  in  epi- 
thelium between  taste-buds ;  s, 
sulcus  into  which  the  gustatory 
pores  open. 
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stomach,  consists,  like  the  pharynx,  of  a  /ibroitx  cov/iriwj,  a  muscu/nr 
coat,  a  lining  umrAins  nimihru ni\  and  intervening  connective  tissue 


402. — Skc'tion  i>1''  tiik  iii  m.\n  (ksijimiaiU's  (Horsloy.) 


The  sci^lioii  is  tninsverst-',  and  fmiii  neai'  tlic  middle  of  Uie  (iiillut.  n,  libroiis  rovurintr; 
6,  divided  til)res  of  tlie  loii<,nLudiiial  inu-suular  coat;  c,  tran.s\  ut-se  inusculur  librus ; 
(/,  subimicoiis  or  iireolar  i:i\  ur  :  r,  miiacularis  imicosa;;/,  inu(;ous  niemlirane  with 
l)ai)ilhi3  ;  ry,  laminated  c'liitheiial  lining;  /t,  nuieou.s  j^lund  ;  /,  tr'and  duet;  striated 
muKuular  fibres  in  section. 
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(tiubmucous  or  areoUir  coat)  (fig.  402).  The  muscular  coat  i.s  niucli  more 
regularly  arranged  than  that  of  the  pharynx,  and  is  composed  of 
striated  muscle  in  about  its  upper  third  only,  the  rest  being  of  the 
plain  variety.  There  are  two  layers  of  the  muscular  coat — an  outer 
layer,  in  which  the  fibres  run  longitudinally,  and  an  inner,  in  which 
they  have  a  circular  arrangement.  The  mucous  membrane  is  lined  by 
a  stratified  epithelium,  into  which  microscopic  papillae  from  the  coriurn 
project.  The  corium  is  formed  of  an  areolar  tissue,  and  its  limits  are 
marked  externally  by  a  narrow  layer  of  longitudinally  disposed  plain 
muscular  fibres,  the  muscularis  mucosik.  This  is  separated  from  the 
proper  muscular  coat  by  the  areolar  coat,  which  contains  the  larger 
branches  of  the  blood-vessels  and  lymphatics,  and  also  the  mucous 
glands  of  the  membrane.  The  ducts  of  these  glands  are  large 
and  usually  pass  through  a  nodule  of  lymphoid  tissue,  lymph-cells 
from  which  infiltrate  the  epithelium  of  the  duct  and  may  pass  out 
into  its  lumen. 

Besides  these  mucous  glands,  there  are  met  with  both  at  the 
upper  or  laryngeal  part  of  the  oesophagus  and  at  the  lower  or 
cardiac  end  a  certain  number  of  small  tubulo-racemose  glands  of 
a  difierent  character.  They  are  confined  to  the  mucous  membrane, 
not  penetrating  the  muscularis  mucosa;,  and  their  ducts  open  upon 
and  not  between  the  papilla  of  the  mucous  membrane.  They  closely 
resemble  the  cardiac  glands  of  the  stomach  (see  fig.  410,  p.  329),  and 
it  is  frequently  found  that  the  epithelium  of  the  surface  in  the 
immediate  neighbourhood  of  their  ducts  is  similar  to  that  lining  the 
stomach. 

There  are  two  ganglionated  nerve-plexuses,  one  in  the  muscular  coat 
and  one  in  the  submucous  coat,  like  those  of  the  intestine  (Klein). 
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LESSON  XXX. 

77/ A'  SALIVARY  GLANDS. 

I.  Skction  of  tlie  submaxillary  gland  (dog).  Tht;  gland  may  be  hardened 
in  alcohol  or  formol  and  stained  with  lijemato-xylin-eosin  or  with  iron  hcema- 
toxylin  by  Heidenhain's  metliod.  Notice  the  acini  tilled  with  clear  (miicus- 
secreting)  cells,  the  nuclei  of  which  usually  lie  near  the  basement-membrane. 
Notice  here  and  there,  outside  the  clear  cells,  denulunes  or  crescents  of  small 
darklv  stained  granidar-looking  (albunuuous)  cells.  Observe  also  the  sections 
of  the  ducts  with  their  striated  columnai'  epithelium,  if  possible  find  a 
place  where  one  of  the  ducts  is  pa.ssing  into  the  aheoli.  Sketch  under  a 
high  power. 

2.  Study  sections  of  the  parotid  and  sublingual  glands  prepared  in  a 
similar  way,  and  notice  the  differences  Ijetween  the  three  glands. 

3.  Examine  small  pieces  of  both  submaxillary  and  parotid  gland  of  the 
dog  fresh  in  i  per  cent,  salt  .solution.  In  the  submaxillary  gland  notice 
that  the  alveolar  cells  are  swollen  out  with  large  granules  or  droplets  of 
mucigen,  which  swell  up  in  water  to  form  large  clear  vacuoles.  Dilute 
acids°ind  alkalies  produce  a  similar  change,  but  more  rapidly.  The  cells  of 
the  parotid  gland  are  al.so  tilled  with  granules,  but  they  are  smaller.  The 
granules  are  al.so  swollen  up  and  di.saolved  by  these  fluids.  Make  a  .sketch 
from  each  preparation  under  a  high  power. 

4.  To  study  the  changes  which  the  alveolar  cells  undei'go  during  secretion, 
pilocarpine  is  administered  to  an  animal  in  sufficient  amount  to  jjioduce 
copious  .salivation  ;  after  half  an  hour  the  animal  is  killed  and  its  salivary 
glands  are  exanuned  as  in  preparation  3.  The  granules  are  not  .seen  in  pre- 
parations that  have  been  in  alcohol,  but  osniic  acid  preserves  them  moderately 
well  ;  they  are  well  seen  in  sections  from  picric  hai  dened  glands. 


The  salivary  glands  may  be  looked  upon  as  typical  of  secreting 
glands  in  general.  They  are  composed  of  a  number  of  Ivlmles  bound 
together  loosely  by  connective  tissue.  Each  small  lobule  is  formed 
of  a  group  of  irregularly  saccular  or  tubular  alveoli  or  <iciiu  from 
which  a  duct  passes,  and  this,  after  uniting  with  other  ducts,  eventually 
leaves  the  gland  to  open  upon  the  surface  of  the  mucous  membrane 
of  the  mouth. 

The  alveoli  are  inclosed  by  a  basement-membrane,  which  has 
flattened  branched  cells  on  its  inner  surface,  next  to  tlie  epithelium 
(fig.  403).  It  may  be  shown  by  teasing  the  fresh  gland  substance  in 
water  (Langley).  This  basement-membrane  is  continued  along  the 
ducts.  Within  it  is  the  epithelium,  which  in  the  alveoli  is  composed 
of  polyhedral  cells  (fig.  404,  «),  but  in  the  ducts  is  regularly  columnar, 
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except  iu  that  part  of  the  duct  whicli  iinmediatel)'  opens  iuto  the 
alveoli  {junctional  ptirt) ;  in  this  it  is  flattened  (d').  The  columnar 
epithelium  of  the  ducts  is  peculiar,  in  that  the  cells  show  a  distinction 
into  two  unequal  zones,  an  outer,  larger,  striated  zone,  and  an  inner 
smaller,  granular  one  (fig.  404,  d). 


Fui.  41)3.  — Membe.us'a  of  two  alveoli,    (v.  Ebner  )    x  6CK). 

Tlie  preparation  is  talceti  from  a  inuuous  (jland  of  the  rabbit. 


404.— Section  of  tuk  sluma.villary  ulasd  of  the  i>o.:,  siiowis.;  the 
COMMENCEMENT  OF  A  DUCT  IN  TUE  ALVEOU.    Magiiihed  42o  diiinicters. 

a  oiif  of  tlio  alveoli,  several  of  wliieh  are  in  the  seetioii  shown  ^touikhI  around  the  uoni- 
'     nence  RM,  of  he  cluct,  ,V  ;  a',  an  alveolus,  not  opened  l.v  the  seefon  ;  b.  'm^;"-^"!- 
e   l.rane  in  section  ;  c,  ir.terstltial  i-onneetive  «V^''^ '"''^M    S ^o^itt i,  all? 

,Un:t  whieh  has  p.-ussed  away  fron,  the  alveoli,  an.  .s  now  lined  ,  ^^^^^^ 
striate.1  columnar  cells;  semilunar  (,'roup  of  darkly  stauied  cells  at  the  peiiphcix 
of  ail  alveolus. 

The  cells  of  the  alveoli  differ  according  to  the  substance  they  secrete. 
In  alveoli  which  secrete  mucus,  such  as  all  the  alveoli  of  the  dog's 
submaxillary  (fig.  404),  and  some  of  the  alveoli  of  the  same  gland  in 
man  (fig.  407),  the  cells,  if  examined  in  normal  saline  solution  or  after 
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luirdening  witli  alcohol,  are  clear  and  swollen.  But  if  examined 
rapidly  in  serum,  or  in  solutions  of  salt  of  from  2  to  5  per  cent., 
they  are  often  seen  to  be  occupied  by  large  and  distinct  granules 
(Langley).  These  granules  can  also  be  rendered  visible  by  certain 
methods  of  staining,  when  it  is  apparent  that  they  are  not  present  as 
such  in  all  the  cells,  but  have  in  many  cells  become  clear  and  swollen. 


Fic.  405. — ISkction  of  a  dou's  strmaxillaky,  aftkk  a  i-kdi-iinukd  i'kkiod 

OF  KKST.    (Ranvier. ) 
I,  lumen  of  alveolus  ;  //,  iiiui.-u.s.sei.TutiMtr  cells  ;  c,  ereseent,  formed  of  .illnimiiious  eelLs. 


-too.— Sl'l!i\IAXII,l,AIlY  OK  Ihh;,  AKTKK  a   I'KKlOI)  OF  ACTIVITV.     (Riiiivicr. ) 

The  mueus-seei-etiiit'  cells,  <j,  have  diseharpefl  llieii-  seeretion,  and  are  smaller  and  slain 
lictter;  the  albuminous  cells  of  the  crescents,  c,  arc  enlarjfed. 

and  converted  into  a  substance  which  is  known  as  inuci</eu  (fig.  409,  a). 
■Similar  granules  are  seen  also  in  the  cells  lining  the  gland  ducts  ; 
liere  also  they  are  found  to  vary  in  size  and  number  with  the  condition 
of  activity  of  the  gland  (fig.  411).  The  mucigen  is  dissolved  out 
of  the  cell  and  discharged  as  mncns  into  the  lumen  of  the  alveolus  and 
into  the  ducts,  when  the  gland  is  stimulated  to  activity.    The  cells 

2  1 
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Fiu.  407.— Section  of  p.vkt  of  the  humaic  submaxillary  t.lasd. 

(Heidenhain. ) 

To  the  ritjht  of  thu  Hgui-e  is  a  fcTOup  of  mucous  alveoli ;  to  the  left  a  group  of  serous 

alveoli. 


Fill    408.-ALVEOLIOFASEUOUSCiLAND.     A,  .\T  BEST.     B,  AFTER  .V  SHORT  I'ERlOl) 
OF  ACTIVITY.     C,  .VFTER  A  PROLONGED  PERIOD  OF  ACTIVITY.  (Lailgley.) 
Ill  A  and  13  the  nuclei  are  ohscured  hy  the  granules  of  z.nnogen. 


Fill     409.— MlCUf.S  CKLLS  FROM   FRKSIl  SUBMAXILLARY  GLANDS  OF  THK  I«H1. 

(Langley.) 

a  from  a  restii.ir  or  loaded  gland  ;  b.  from  a  gland  which  has  been  secreting  for  some  time ; 
a,  from  a  ^'i^,^^:  ^,^,1^  which  have  been  treated  «nth  dilute  acid. 
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are  known  us  mucous  cells.  But  in  most  alveoli  there  are  some  cells 
which  do  not  contain  mucigen,  but  small  albuminous  granules,  and 
these  often  form  crescentic  groups  which  lie  next  to  the  basement- 
membrane  (figs.  404,  s,  405,  c).  These  are  the  so-called  crescents  of 
Giaimzzi  ;  their  constituent  cells  are  known  also  as  margiual  or  seroits 


Vw..  411. — Celi.s  from  duct  of  parotid. 

A,  prior  lo  stcrttioii ;  H,  after  secretion  (Mislawski  ttiitl  Sininiow). 


cells.  Special  diverticula  pass  from  the  lumen  of  the  alveoli  between 
the  mucous  cells  to  penetrate  to  the  crescents  and  to  branch  amongst 
and  within  their  constituent  cells ;  these  diverticula  are  best  shown  by 
the  Golgi  method  of  staining  (figs.  412,  413).  They  also  occur  in  the 
purely  semts  alveoli  (fig.  410),  in  which  none  of  the  cells  secrete  mucus, 
but  watery  or  albuminous  saliva.   In  these  when  the  gland  has  been  long 
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at  rest  the  cells  are  filled  with  granules,  which  do  not  swell  with  wat«r 
nor  form  mucin  ;  they  appear  to  be  albuminous  in  nature,  and  prob- 
ably yield  to  the  secretion  of  the  gland  its  ferment  (ptyalin)  and  its 


Fig.  412.— Alveuli  of  humak  sob- 
lingual  UL^UnD  PliEl'AKED  BY  GOLtll 

METUOB.    (E.  Muller.) 
I,  lumen  sbaiiiecl,  with  lateral  cUvurtiuula 
passing'   between   mucus-secretint;  cells; 
h,  longer  diverticula  penetrating'  into  the 
"  crescent "  cells. 


Fig.   414.— Alveoli   niOM  mucous 

PORTION  OF  THE  HUMAN  SUBMAXIL- 
LARY 0L.VND,  PARTLY  UNRAVELLED. 

(Peiser. ) 


Fig.  413.  —  Alveoli  of  the  sub- 
maxillary GLAND  OF  THE  DOi;. 
(G.  Retzius. )    Golgi  method. 

The  extensions  of  the  lumen  into  the  crescents 
of  Gianuzzi  arc  showni,  and  also  the  endnigs 
of  ner\  e-fibrils. 


Fio.  415- — Alveoli  from  serous 

PORTION  of  THE  HUMAN  SUBMAXIL- 
LARY GLAND,  PARTLY  UNR.WKLLED. 

(Poiser. ) 


albumin.  The  granular  substance  within  the  cell  is  not  the  fennc-n  , 
but  the  ferment  is  formed  from  it  when  the  secretion  is  poured  out. 
Hence  it  has  been  termed  zijmogen  (mother  of  ferment).  As  Langley 
showed,  the  outer  part  of  each  cell  becomes  clear  and  free  from 
araiiules  after  secretion  (fig.  408). 

O 
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111  nearly  all  animals  the  parotid  glands  are  composed  of  imrely  serous 
alveoli  ;  in  inan  and  most  animals  the  submaxillary  and  sublingual  glands 
have  both  serous  and  mucous  alveoli  or  "mixed"  alveoli,  i.e.,  alveoli  con- 
taining both  serous  and  mucous  cells.  The  detached  anterior  parts  of  the 
sublingual  gland,  which  in  man  are  comiiaratively  small,  have  purely  mucous 
alveoli. 

When  the  glands  are  unravelled  and  examined  with  the  microscope 
it  is  found  that  the  mucous  and  serous  alveoli  are  somewhat  different 
in  shape,  the  mucous  alveoli  being  larger,  more  uniform  in  shape, 
and  linked  on  to  the  ducts  by  shorter  and  wider  intermediate  or 
junctional  portions  (compare  fig.  414,  which  is  from  a  mucous  part  of 
the  human  submaxillary,  with  fig.  415  from  the  serous  part). 

The  large.st  ducts  have  a  wall  of  connective  tissue  outside  the 
basement-membrane,  and  also  a  few  plain  muscle  cells.  The  blood- 
vessels of  the  salivary  gland  form  a  capillary  network  around  each 
alveolus.  The  lymphatics  commence  in  the  form  of  lacunar  vessels 
between  the  alveoli.  Lymphoid  nodules  are  occasionally  found  in 
the  interstitial  connective  tissue.  The  nerve-fibres,  which  are  derived 
both  from  the  cerebro-spinal  nerves  and  from  the  sympathetic,  pass 
through  ganglia  before  proceeding  to  their  distribution.  They 
ramify  as  fine  varicose  fibres  amongst  the  alveolar  cells  (fig.  413); 
many  are  distributed  to  the  blood-vessels. 

The  salivary  glands  are  developed  as  buds  from  the  epithelium  of 
the  buccal  cavity,  at  fir.st  solid  but  becoming  gradually  hollowed  out. 
To  begin  with  they  are  simple,  but  undergo  ramification  as  they  grow 
into  the  mucous  mombi-ane  and  submucous  tissue. 
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LESSON  XXXI. 

THE  STOMACH. 

1.  Vertical  longitudinal  sections  through  the  cardia,  including  the  lower 
end  of  the  resophagus  and  the  adjacent  cardiac  portion  of  the  stomach. 
These  are  intended  to  show  the  abrupt  transition  of  the  stratified  epithelium 
of  the  iie.sophagu.s  into  the  coUuni\ar  epithelium  of  the  stomach,  and  also  the 
character  of  the  gastric  and  oesophageal  glands  in  the  immediate  neighbour- 
hood of  the  cardia.   The  sections  may  be  stained  with  htematoxylm  and  eosm. 

2.  Sections  of  the  fundus  of  the  stomach  cut  perpendicularly  to  the 
surface  of  the  mucous  membrane. 

In  these  sections  the  general  arrangement  of  the  coats  of  the  stomach  is  to 
be  studied.  Sketches  are  to  be  made  under  a  low  power  illustrating  this 
arrangement,  and  others  under  a  high  power  showing  the  structure  of  the 
glands  of  the  mucous  membrane.  ,        •  i  t 

Measure  the  whole  thickness  of  the  mucous  membrane,  the  thickness  ot 
the  muscular  coat,  the  size  of  the  columnar  epithelium-cells  of  the  surface, 
and  that  of  the  cells  in  the  deeper  parts  of  the  glands. 

3.  Sections  of  the  mucous  membrane  of  the  fundus,  cut  parallel  to  the 

surf  ciCG  £  1 

These  sections  will  show  better  than  the  others  the  arrangement  of  the 

cells  in  the  glands. 

4  Vertical  sections  of  the  mucous  membrane  from  the  pyloric  region 
of  the  stomach.  If  the  section  is  taken  longitudinally  throiigh  tlie 
pylorus,  the  transition  of  the  gastric  glands  into  the  glands  of  Brunner 
of  the  duodenum  will  be  made  manifest.  Make  a  sketch  under  ^^^l"^:  P"^;^, 
of  one  of  the  glands  in  its  whole  length,  fiUing  up  some  of  the  details  xMtli 
the  high  power. 

b  Study  the  arrangement  of  the  blood-vessels  in  vertical  sections  of  the 
wall  of  a  stomach  the  vessels  of  which  have  been  injected. 


The  wall  of  the  stomach  consists  of  four  coats,  which,  enumerated 
from  without  in,  are  as  follows,  viz.  :  serous,  muscular,  areolar,  or  sub- 
mucous, and  mucous  membrane  (fig.  416). 

The  serous  coat  is  a  layer  which  is  derived  from  the  peritoneum.  It 
is  deficient  only  along  the  lines  of  the  lesser  and  greater  curvatures. 

The  musc^dar  coat  consists  of  three  layers  of  plain  muscular  fabres 
Of  these  the  bundles  of  the  outer  layer  run  longitudinally,  those  of 
the  middle  layer  circularly,  and  those  of  the  inner  layer  obliquely. 
The  longitudinal  and  circular  bundles  become  thicker  and  stronger 
towards  the  pylorus  ;  at  the  pylorus  itself  the  circular  layer  is  greM  y 
thickened  to  form  a  sphincter  muscle.  The  oblique  fibres  are  only 
present  over  the  fundus. 
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The  areolar  or  submucous  coat  is  a  layer  of  areolar  tissue,  which  serves 
to  unite  the  mucous  membrane  loosely  to  the  muscular  coat;  in  it 
ramify  the  larger  branches  of  the  blood-vessels  and  lymphatics. 

The  mucous  membrane  is  a  soft  thick  layer,  generally  somewhat 
corrugated  in  the  empty  condition  of  the  organ.    Its  inner  surface  is 


Fi(!.  416. — Diagram  of  section  throuoh  the  coats  of  the  stomacu.  (Mall.) 

m,  mucous  membrane  ;  e,  epithelium  ;  d,  orifice  of  gland-duct ;  m.m.,  nuiscularis  uuicosib  ; 
«m.,  submucosa;  cm.,  circular  muscular  layer;  l.m.,  longitudinal  muscular  layer; 
8,  serous  coat. 

covered  by  columnar-shaped  epithelium-cells,  all  of  which  secrete 
mucus.  They  are  prolonged  into  the  ducts  of  the  glands,  but  when 
these  divide  to  form  the  tubules  the  cells  become  cubical,  and  lose 
their  mucus-secreting  character.  Where  the  a\sophagus  passes  into  the 
stomach  the  stratified  epithelium  which  lines  the  gullet  gives  place 
abruptly  to  the  columnar  epithelium  of  the  stomach  (fig.  417). 
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In  some  aniuials  the  stratified  epithelium  of  the  (je«opliagiis  is  continued 
ovei-  a  more  or  less  extensive  tract  of  the  gastric  mucous  meuibraue,  but  it 
always  ends  by  a  sharply  defined  line. 

The  thickness  of  the  gastric  mucous  membrane  is  due  to  the  fact 
that  it  is  largely  made  up  of  long  tubular  glands,  which  open  upon  the 
inner  surface.    Between  the  glands  the  mucous  membi-ane  is  formed  of 


Ft(I.  417.— SlCf'TTON  OF  TUK  JUNCTION  OF  THK  OSSOl'H.AOE.VI.  .ANB  O.ASTKIC  MrOOFS 

MEMBR.VNK  OF  THE  K.\N(5.\Roo.    135  diameters. 

S,  Btratified  epitheliun,  of  csoplmpus  .abruptly  disconth.ued  at  S: 

nf  I'asti  ir  mucous  uiembrane  ;  0,  orificeii  or  ducts  of  glands  of  the  carina ,  in,  corium 
o[  ShaKeannuJius  u.en.b^aue  sending  papilla)  into  the  epithelium  ;  m',  conum  of 
gastric  mucous  membrane. 

retiform  with  some  lymphoid  tissue.  Externally  the  mucous  mem- 
brane is  bounded  by  the  muscidaris  mucosa;,  which  consists  of  an 
external  longitudinal  and  an  inner  circular  layer  of  plain  mu.scular 

fibres.  V  J 

Gastric  glands.— These  are  formed  of  a  basement-membrane  Imed 
with  epithelium.  Each  gland  consists  of  secretivff  tubules,  from  one  to 
four  in  number,  opening  at  the  surface  into  a  larger  tube,  the  duel  of 
the   eland.    The   duct   is   in   all   cases   lined    by  nnicus-secretnig 
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epithelium  of  the  same  character  as  that  which  covers  the  inner  surface 
of  the  mucous  membrane,  but  the  epithelium  of  the  secreting  tubules 
is  different  from  this,  and  also  differs  somewhat  in  the  glands  of  different 
regions  of  the  organ.  The  following  varieties  of  gastric  glands  arc 
met  with : 

(1)  Glands  of  the  cardia. — These  are  found  in  man  close  to  the  oeso- 
phageal opening  or  cardia ;  they  are  of  two  kinds :  (a)  simple  tubules, 
very  similar  to  the  crypts  of  Lieberkiihn  of  the  intestine  and  {h)  small 


Fill.  418. — SKCTfON  OK  iit'MAN  STOMACH  NEAK  THE  f'AiiDiA.    (v.  Kbiior,  after 

J.  Schaffer. )  x45. 

c,  panlinc  (fljinds ;  rf,  llieir  ducts ;  cr,  jjlaiKts  similar  to  emits  of  Lieljcrkiilin,  witli  jjol'let 
(.'flls;  mm,  inucous  iiieiiilirane ;  m,  iiinsodlaris  mucosic;  m',  imiseular  tissue  witliiii 
nuicous  iiieinbrane. 

tubulo-racemose  glands  (fig.  418).  The  latter  are  commonest  in  man  : 
the  former  may  occur  in  considerable  number  in  sqme  animals  (fig. 
417).  The  seci'eting  tubules  of  the  racemose  glands  are  lined  by  cells 
which  are  granular  in  ajjpearance  and  of  a  short  columnar  form,  and 
of  the  same  nature  throughout  the  length  of  the  tubule,  except  near 
the  orifice  (duct),  where  they  give  place  to  columnar  mucus-secreting 
cells.  Bensley  describes  sonic  of  the  tubules  as  lined  with  mucus- 
secreting  cells  throughout.  Occasionally  one  or  two  oxjmtic  cells 
may  be  present  in  the  tubules. 
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„  ::=r::r  r;  

hy'cWef  cells,  wit.l.  the  ox>ntic  cells  altogether  outside  then.. 
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Cxlands  of  a  somewhat  similar  character  occur  near  the  lower  end  of  the 
icsophagiKs.  (ieuerally  at  the  jjlace  where  their  ducts  open  the  (esophageal 
epithelium  becomes  columnar  instead  of  stratified. 

(2)  Glands  of  the  fundus  {oxyntic  glands)  (figs.  419,  420,  421,  422).— 
In  these  glands  the  tubules  are  usually  relatively  long  and  the 
duct  short.    The  epithelium  of  the  tubules  is  composed  of  two  kinds 


Fic.  420.  Fi(i.  421. 


Fie.  420. — A  fundus  olakd  of  simple  fokm  from  the  bat's  stomach. 

Osmic  acid  preparation.    (Langley. ) 
c,  columnar  epithelium  of  the  surface ;  n,  neck  of  the  (jlanrl  with  central  and  parietal 

cells;  /,  base,  occupied  only  by  principal  or  central  cells,  which  exhibit  the  ^anules 

accunuilated  towards  the  lumen  of  the  gland. 

Fic;.  421.  —A  fundus  gland  pbep.^bed  nv  golgi's  method,  showing  the 
mode  of  communication  or  the  parietal  cells  with  the  gland- 
lumen.    (E.  Mailer.) 

of  cells.  Those  of  the  one  kind,  which  form  a  continuous  lining  to 
the  tubule,  are  somewhat  polyhedral  in  shape,  and  in  stained  sections 
look  clearer  and  smaller  than  the  others,  but  in  the  fresh  glands,  and 
with  cei'tain  methods  of  staining,  it  can  be  seen  that  they  are  partly 
filled  with  granules  (fig.  420).  The  granules  are  most  numerous  in  the 
inner  portion  of  the  cell,  an  outer  zone  being  left  clear.  After  pro- 
longed activity  this  outer  zone  increases  in  size  while  the  granules 
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diminish  in  number,  as  in  the  analogous  cases  of  the  pancreas  and 
parotid  glands  (Langley).  The  cells  are  believed  to  form  pepsin,  and 
are  termed  the  chief  cells  of  the  cardiac  glands,  or  from  their  relative 
position  in  the  tubule  immediately  surrounding  the  lumen,  the  central 
cells.    Scattered  along  the  tubule,  and  lying  between  the  chief  cells 


Fig.  422.  Fio.  423. 

Part  of  tdbule  of  a  fundus  gland,  with  thk  lvmi.^  Axn  secrktory 


Fio.  422. 

CjVNAliculi  stained 


ijl'j  ur  j\.  xuf^wvo  v-^^ii^Av,   

...........  ,  THE  GLAND  CELLS  ARE  ALSO  suowN.    (Zimniermanii. ) 

rchief^or' central  cells  ;  p,  parietal  or  ox.vntic  cells  ;  I,  Imiien  of  tubule  vrolonged  into 
c,  cniet  or  canaliculi  which  penetrate  to  the  imnetal  cells. 

FlO.  423.— A  PYLORIC  GLAND,  FROM  A  SECTION  OF  TMK  DOO'S  STOMACH.  (Ebsteill.) 
m,  nioutli ;  n,  neck  ;  (r,  a  deep  portion  of  a  tuhule  cut  transversely. 

and  the  basement-membrane,  are  a  number  of  large  spheroidal  or 
ovoidal  cells.  These  are  the  imrietnl  or  oxiintic  cells}  Each  parietal 
cell  is  surrounded  and  penetrated  by  a  network  of  minute  passages, 
communicating  with  tlie  lumen  of  the  gland  by  a  fine  canal,  which 
1  So  oallcl  because  tl.ey  are  l.eliovorl  to  prodiioc  tlie  aoi.l  of  the  gaslrir 
secretion. 
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pa.sses  between  the  central  cells  (figs.  421,  422);  but  in  the  neck  of 
the  gland  the  parietal  cells  abut  again.st  the  lumen,  Ijeing  heic;  wedged 
in  between  the  mucu.s-secreting  cells  (fig.  419,  a). 

(3)  Glands  of  the  pijl&i-ic  canal  (fig.  42;5).— In  the  glands  of  the  pyloric 
canal  the  dnrAs  are  much  longer  than  in  those  of  the  fundus,  and  the 
secreting  tubules  possess  cells  of  only  one  kind.^  These  correspond  to 
the  chief  cells  of  the  fundus  glands,  but  are  not  quite  identical  with 
them  in  appearance,  the  granules  being  much  less  distinct.  The  cells 
are  of  a  columnar  or  cubical  shape,  and  in  the  fresh  condition  of  a 
granular  appearance ;  quite  unlike  the  clear  columnar  epithelium  of  the 
surface,  which  is  formed,  as  elsewhere,  of  long  tapering  cells,  the  outer 
part  of  which  is  filled  with  mucigen. 

At  the  pylorus  itself  the  gastric  glands  become  considerably 
lengthened  and  enlarged,  and  are  continued  into  the  submucous 
tissue,  the  muscularis  mucosa  being  here  deficient;  they  thus 
present  transitions  to  the  glands  of  Brunner,  whicli  lie  in  the  sub- 
mucous tissue  of  the  duodenum  (fig.  424). 

Scattered  aiuougst  the  ordinary  secreting  cellis  of  the  pyloric  glands,  cells 
aie  seen  here  and  there  wliieli  stain  differently  from  the  I'est,  and  probably 
liave  a  different  function  (Stohr).  Occasionally  oxyntic  cells  are  met 
with  in  tiie  pyloric  glands  and  even  in  Brunnei''s  glands  in  the  duodenum 
(Kaufmann). 

The  blood-vessels  of  the  stomach  are  very  numerous,  and  pass  to  the 
organ  along  its  curvatures.  The  artei-ies  traverse  the  muscular  coat, 
giving  off  branches  to  the  capillary  network  of  the  muscular  tissue, 
and  ramify  in  the  areolar  coat.  From  this,  small  tortuous  arteries 
pierce  the  muscularis  mucosaj,  and  break  up  into  capillaries  near  the 
bases  of  the  glands  (fig.  425).  The  capillary  network  extends  between 
the  glands  to  the  surface,  close  to  which  it  terminates  in  a  plexus  of 
relatively  lai-ge  venous  capillaries  which  encircle  the  mouths  of  the 
glands.  From  this  plexus  straight  venous  radicles  pass  through  the 
mucous  membrane,  pierce  the  muscularis  mucosse,  and  join  a  plexus  of 
veins  in  the  submucous  tissue.  From  these  veins  blood  is  carried 
away  from  the  stomach  by  efferent  veins,  which  accompany  the  enter- 
ing arteries. 

The  lyntphaticn  (fig.  420)  arise  in  the  mucous  membrane  by  a  plexus 
of  large  vessels  dilated  at  intervals,  and  looking  in  sections  like  clefts 
in  the  interglandular  tissue.  From  this  plexus  the  lymph  is  carried 
into  large  valved  vessels  in  the  submucous  coat,  and  from  these, 
efferent  vessels  run  through  the  muscular  coat  to  reach  the  serous 

'  In  man  it  is  only  quito  near  thu  pyloiis  that  iianelal  cells  aie  altogether 
absent. 
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Fig.  424.— Section  through  the  pylokus,  includikg  the  commencemekt 

OF  THE  DUODENUM.  (Klein.) 

u,  villi  of  duodenum  ;  b,  apex  ot  a  lymphoid  nodule  ;  c,  crypts  of  Lieberkuhii ;  «,  secreting 
tubules  of  Brunner's  glands ;  ri,  ducts  of  pyloric  glands  of  the  stomach ;  g,  tub^  ol 
these  Hands  in  nuicous  membrane  ;  (,  deeper  lying  tubes  in  submucosa,  corresponclmg 
to  secreting  tubules  of  Brunner's  glands  of  duodenum  ;  m,  muscularis  muoosaj. 


Fig.  425.— Pl.\n  oi'-tiie  dlood- 
vkssels  ok  the  stom.vcil. 
(Modified  from  Brintoii.) 

n,  small  arteries  passing  to  break  ui) 
into  the  fine  capillary  network,  li, 
between  the  gland.s ;  b,  coarser 
capillarv  network  aroimd  the 
mouths'  of  the  glands  ;  r,  c,  veins 
passing  vertically  downwards  from 
the  superficial  network  ;  e,  larger 
vessels  in  the  subnmcosa. 


Fig.  42(5.— Lymi'H.\tics  ok  the  hum.an  (jastkic 

MUGOU.S  MKMliK.\NE,  IN.IECTKD.     (C.  Loveil.) 

The  tubules  are  only  faintly  i"'"™'"' V  T^laids  ■ 
mucosaj ;  b,  plexus  of  fine  vessels  at  base  of  glands , 
"  plexus  of  larger  vdlvcd  l.Mnphatics  in  submucosa. 
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membrane,  underneath  which  they  pass  away  from  the  urgau.  Tlie 
muscuhir  coat  has  its  owu  network  of  lymphatic  vessels.  These  lie 
between  the  two  principal  layers,  and  their  lymph  is  poured  into  the 
efferent  lymphatics  of  the  organ. 

The  nerves  have  the  same  general  arrangement  and  mode  of  distribu- 
tion as  those  of  the  intestine  (see  next  Lesson). 
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LESSONS  XXXir.  AN]J  XXX 11 1. 

THE  SMALL  AND  LARGE  INTESTINE. 

1.  Sections  of  the  cluodemuu,  jejuuuiu,  and  ileum,  vertical  to  the  .surface. 
The  three  pai  ts  of  the  intestine  may  be  embedded  in  the  same  pai  aitiu  l  ilock, 
and  the  .section.s  stained  and  mounted  together.  Choose  a  part  of  the  ileum 
which  includes  a  Peyer's  patch.  Observe  the  nodules  of  lymphoid  ti.s.sue 
which  constitute  the  patch  and  which  extend  into  the  .subnmcous  tissue. 
Observe  the  lymphoid  cells  in  the  superjacent  epithelium.  Notice  al.so  tlie 
sinus-like  lymphatic  or  lacteal  vessel  which  encircles  the  base  of  each  nodule. 
In  the  duodenum  study  the  glands  of  Brunner  in  the  submucous  tissue. 
Make  a  general  sketch  of  each  section  undei'  a  low  power  and  di-aw  a  villus 
under  the  high  powei-.  The  geneial  ai'rangement  and  structure  of  the 
intestinal  wall  is  to  be  studied  in  these  sections. 

2.  Sections  parallel  to  the  surface  of  the  intestine,  and  therefore  across 
the  long  axis  of  the  villi  and  glands  of  the  mucous  membi'ane.  In  oi'der 
to  keep  the  sections  of  the  villi  together  so  that  they  are  not  lost  in  the 
mounting,  it  is  necessary  either  to  embed  in  celloidin  or,  if  paraffin  be  u.sed, 
to  employ  an  adhesive  method  of  mounting. 

In  this  pi'eparation,  .sketch  the  transverse  .section  of  a  villus  and  of  some 
of  the  cryjDts  of  Lieberkiihn. 

3.  To  study  the  piocess  of  fat-absoi-j^tion,  kill  a  frog  two  or  three  days 
after  feeding  with  bacon  fat.  Put  a  very  small  shred  of  the  mucous  mem- 
brane of  the  intestine  into  osmic  acid  (O'S  per  cent.)  and  another  piece  into 
a  mixture  of  2  parts  Miiller's  fluid  and  1  part  osmic  acid  .solution  (1  per 
cent.).  After  foi'ty-eight  hours  teased  preparations  may  be  made  fi-om  the 
osmic  acid  pi'eparation,  in  the  same  manner  as  directed  in  Lesson  YIII.,  ^  L 
The  piece  in  Miiller  and  osmic  acid  may  be  left  for  ten  days  or  more  in  the 
fluid.  When  hardened,  sections  aie  made  by  the  freezing  method  and 
mounted  in  glycerine.  They  may  also  be  cut  from  paraffin  and  mounted  in 
dammar. 

4.  Sections  of  small  intestine  the  blood-vessels  of  which  have  been  injected. 
Notice  the  arrangement  of  the  vessels  in  the  several  layers.  Sketch  earefidly 
the  vascular  netwoik  of  the  villus. 

.5.  From  a  piece  of  intestine  which  has  been  stained  with  chloride  of  gold 
tear  ofi"  broad  .strips  of  the  longitudinal  muscular  coat,  and  mount  them  in 
o-lvcerine.  It  will  generally  l)e  found  that  portions  of  the  nervous  jiiexus  ()f 
Auerbach  remain  adherent  to  the  strips,  and  the  plexus  can  in  tliis  way  e;isily 

lie  studied.  ,  .-i 

From  the  remainder  of  the  iiiece  of  intestine  tear  ofi  with  forceps  tlie  Iifuvs 

of  the  ciicular  mu.scular  layer  on  the  one  side,  and  the  nnicous  membrane  on 

the  other  side,  so  as  to  leave  onlv  the  submucous  tissue  and  the  muscularis 

nuico.sic.    This  tissue-is  al.so  to  be  mounted  flat  in  glycerine  ;  it  contanis  the 

i)lexus  of  Meissner. 

Sketch  a  small  portion  of  each  plexus  under  a  high  power,     ihe  plexuses 

ciinalso  be  studied  by  the  methylene-blue  and  reduced  silver  methods  (see 

Appendix). 

6.  Sections  of  the  large  intestine,  perpendicular  to  the  surface.    Tliese  will 
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show  the  general  structure  and  arrangement  of  the  coats.  Sketch  under  a 
low  power. 

7.  Sections  of  the  mucous  membrane  of  the  large  intestine  parallel  to  tlie 
sui'face,  and  therefore  across  the  glands.  Sketch  some  of  the  glands  and  the 
interglandular  tissue  under  a  high  power. 

8.  The  arrangement  of  the  blood-ve.ssels  of  the  large  intestine  may  lie 
studied  in  sections  of  the  injected  organs. 


The  wall  of  the  small  intestine  consists,  like  that  of  the  .stomach, 
of  four  coats  (fig.  427). 

The  serous  coat  is  complete  except  over  part  of  the  duodenum. 


rih 

Fio.  427. — Diagram  of  section  of  alimentaky  tube.  (Sobotta.) 

L,  lumen  ;  t/lm,  glands  o(  mucous  membrane  ;  ep,  epithelium  ;  ffls,  glands  in  suhnuicosa  ; 
mm,  nniscularis  mucosa) ;  urn,  submucous  coat ;  rm,  circular  nuisoular  layer ;  lin,  longi- 
tudinal muscular  layer;  s,  serous  coat;  ««,  mesentery;  giiiy,  ganglion  of  plexus 
myentericus ;  gsm,  ganglion  of  plexus  subnuicosus, 

The  muscular  coat  is  composed  of  two  la3'ers  of  muscular  tissue,  an 
outer  longitudinal  and  an  inner  circular.  Between  them  lies  a  network 
of  lymphatic  vessels,  and  also  the  close  gangliated  plexus  of  non- 
medullated  nerve-fibres  known  as  the  plexus  myentericus  of  Auerbach. 
The  ganglia  of  this  plexus  may  usually  be  seen  in  vertical  sections  of 
the  intestinal  wall  (in  figs.  432,  435),  but  the  plexus,  like  the  one 
in  the  submucous  coat  immediately  to  be  described,  can  only  be 

22 
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properly  displayed  in  preparations  made  with  chloride  of  gold  (fig. 
428)  or  methylene  blue  or  by  a  silver  method. 

The  submucous  coat  is  like  that  of  the  stomach ;  in  it  the  blood- 
vessels and  lacteals  ramify  before  entering  or  after  leaving  the  mucous 
membrane,  and  it  contains  a  gangliated  plexus  of  nerve-fibres — the 
plexun  of  Meissuer — which  is  finer  than  that  of  Auerbach  and  has 
fewer  ganglion  cells  (fig.  429).  Its  branches  are  chiefly  supplied  to  the 
muscular  fibres  of  the  mucous  membrane,  but  also  to  the  glands  and 
villi  (fig.  430). 


Fii'  428  -AuKRii  veil's  plkxus,  from  the  Mrsnui.AR  coat  of  the  istestisf.. 

(Cadiat. ) 

These  enteric  gangliated  plexuses  contain  two  kinds  of  nerve-cell 
(fig  431)  One  kind  has  a  number  of  much  branched  deudrous  easily 
distinguishable  from  the  axon  ;  the  other  kind  is  characterised  by  the 
presence  of  a  number  of  processes  hardly  distinguishable  from  one 
another.  Tliis  last  type  of  cell  is  the  only  one  found  in  Meissners 
plexus. 

The  mucous  membrane  is  bounded  next  to  the  submucous  coat  by  a 
double  layer  of  plain  muscular  fibres  {mnscularis  mucosal).  Bundles 
from  this  pass  inwards  through  the  membrane  towards  the  inner 
surface  and  penetrate  also  into  the  villi.  The  mucous  membrane 
proper  is  pervaded  with  simple  tubular  glands— the  crypts  of  Lieherkiihn 
(figs.  432,  433,  435)— which  are  lined  througliout  by  a  columnar 
epithelium,  with  scattered  goblet  cells,  like  that  which  covers  the 
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Fifi.  429.— Mf.issnkr's  pr,Exrs  from  thk  siiBMrcons  coat.  (Cadiat.) 
n,  franglion  ;  6,  h,  nervous  eonis ;  c,  a.  l)lood-ves.sel ;  rf,  an  entei-inj,'  synipatlietie  nerve. 


430.— Nehves  of  the  Mucons  membrane  of  the  smaij,  intestine.    (Caial  ) 
M.  part  of  .Mpissner's  plexus  ;  „./.  small  uerve-nells  and  nerve-flbres  in  Uie  tissue  of  Hie 
inuf'ous  membrane  and  villi. 
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general  surface  and  the  villi.  At  the  fundus  of  each  crypt  arc  a  few 
cells  containing  well-marked  granules  (Paneth).  The  cells  of  the 
glands  show  frequent  mitoses;  it  is  stated  that  the  epithelium  of 
the  general  surface  becomes  regenerated  from  them  (Bizzozero).  The 


thcultir 
iiiusculiir  fibres. 


■  ■""f,'"--,-  iiilrriiiuscHlar 

;  la;,e.r. 

-  -  -  te.'/<T  "/ 

f  _  .  InwjUmHnal 

j-  ,  -   i  miismlar  fihni 

Fii;.  432. — Section  of  tiik  smaij,  inthstink  (jejunum)  of  c.\t. 
Magnified  about  40  diameters. 

mucous  membrane  between  these  glands  is  mainly  composed  of 
reticular  tissue,  which  contains  here  and  there  nodules  of  lymphoid 
tissue.  The.se  nodules  constitute  when  they  occur  singly  the  so-called 
solitary  ginnds  of  the  intestine  (fig.  434),  and  when  aggregated  together 
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form  the  agminated  glmids  or  patches  of  Peyer  (fig.  440).  The  latter 
occur  chiefly  in  the  ileum. 

The  glands  of  Brunner,  which  have  been  already  noticed  (p.  333), 
occur  in  the  duodenum.  They  are  small  tubulo-racemose  glands  of 
serous  character,  situated  in  the  submucosa  (fig.  435) ;  they  send  their 
ducts  to  the  inner  surface  of  the  mucous  membrane  either  between 
the  crypts  of  Lieberkiihn  or  into  them. 


Fill.  433.— A  CKYl'T  (IF  LlEBEKKtiHN  FKOM  TUE  IIUHAS  INTESTINE.  (Flenimillg.) 

Fa:.  434.— SeutiuxN  of  the  ileum  throuuh  a  lympuoid  nodule.  (Cudiat.) 

a,  .niddle  of  tlie  nodule  mth  the  lymphoid  tissue  partl.y  fallen  «'.Xke'''' 

6  epithelium  of  the  intestine;  c,  villi:  their  epithehum  is  partly  broken  a«a>  ,  fl, 
ernits  of  Lieberkiihn  ;  c,  /.  muscularis  mucosiu. 

The  villi  with  which  the  whole  of  the  inner  surface  of  the  small 
intestine  is  closely  beset  are  clavate  or  finger-shaped  projections  of  the 
mucous  membrane,  and  are  composed,  like  that,  of  retiform  tissue 
covered  with  columnar  epithelium  (figs.  436  to  438).  The  chamcters 
of  this  epithelium  have  already  been  described  (Lesson  VilL). 
Between  and  at  the  base  of  the  epithelium-cells  many  lymph- 
corpuscles  occur,  as  well  as  in  the  meshes  of  the  retiform  tissue^ 
The  epithelium  rests  upon  a  basement-membrane.  In  the  middle  ot 
the  villus  is  a  lymphatic  or  lacteal  vessel  which  may  be  somewhat 
enlarged  near  its  commencement,  but  the  enlargement  is  replaced  m 
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some  animals  by  a  netwoi'k  of  lacteals.  .Surrounding  this  vessel  are 
small  bundles  of  plain  muscular  tissue  prolonged  from  the  muscularis 


lilli. 


rryptf  of 
Liebcrkuhii 


muscularis 
mucosa,: 


i/landu  of 
Bnnmsr 
ill  mbmiiscvaa. 


circular 
muscular  laifer. 


intermuscular 
layer. 

longitudinal 
muscular  layer. 

Kcroua  ciiat. 


Fii;.  435.— .Section  ov  duodknum  of  cat,  siiowinu  bkunnkk's  glands. 
Magnified  about  60  diameters. 

mucoste.  The  network  of  blood-capillaries  (figs.  436,  439)  lies  for  the 
most  part  near  the  surface  within  the  basement-membrane;  it  is 
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supplied  with  blood  by  a  small  artery  which  joins  the  capillary 
network  at  the  base  of  the  villus;  the  corresponding  vein  generally 
arises  near  the  extremity. 

The  lymphatics  (lacteals)  of  the  mucous  membrane  (fig.  440),  aftei- 
receiving  the  central  lacteals  of  the  villi,  pour  their  contents  into  a 
plexus  of  large  valved  lymphatics  which  lie  in  the  submucous  tissue 
and  form  sinuses  around  the  bases  of  the  lymphoid  nodules  (fig.  304, 
p.  238).    From  the  submucous  tissue  efferent  vessels  pass  through  the 


Fk!    436.-LONGITUDINAL  SECTION  OF  A  VILLUS  FROM  A  KAT  KILLKD  THRKE 
HOURS  AFTER  FEEDING  WITH  BREAD  AND  WATER. 
The  columnar  epithelium  shows  numerous  ly„,ph-corpuscles  between  the  cells :  lacteal, 
xnt  commim    P^^^^^.^.^^^  ijnnph-corpuscles  ;  c,  some  partly  dismtegrated. 

muscular  coat,  receiving  the  lymph  from  an  intramuscular  plexus  of 
lymphatics,   and  are  conveyed   away  between    the   layers   of  the 

mesentery.  «  ,    .  <• 

Absorption  of  fat.— In  order  to  study  the  process  of  fat  transference 
in  the  intestine,  it  is  convenient  to  stain  the  fat  with  osmic  acid  ^^-Inch 
colours  it  black.  Tt  can  then  be  observed  that  in  animals  winch  hav,» 
been  fed  with  food  containing  fat,  particles  of  fat  are  present  (1)  in 
comparatively  large  globules  within  the  columnar  epithelium  cells; 
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Fic.  433.  -  Transversk  section  of  .v  villus  of  ox.  (Ti-autnmnn.) 
a,  epithelium  ;  a',  striated  bolder ;  b,  lymphoid  tissue  ;  c,  large  central  lacteal :  e,  plain 
nniscle-flbres  cut  across. 
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(2)  in  fine  granules  in  the  interstitial  tissue  of  the  villus,  but  often  con- 
fined to  the  aniciuboid  leucocytes,  which  abound  in  this  tissue ;  (3)  in  fine 
granules  within  the  central  lacteal  of  the  villus.  The  leucocytes  are 
present  not  only  in  the  reticular  tissue  of  the  villus,  but  also  in  con- 


Fiii.  439.— Small  intjcstixk  (VEimcAL  transverse  seltuin),  w  ith  the 

liLooD-VESSELS  INJECTED.  (Heitzmaiui.) 
r  a  villus  :      L'laiicls  of  Licberkuhii  ;  M,  imiscularis  mucosa) ;  A,  areolar  L-oal ;  rivcular 
iimsuulai'  coat ;  //,  loiitritudiual  muscular  coat ;  /^  iKjritoiieal  coat. 

siderable  numbers  between  and  at.  the  base  of  the  epithelium-cells ;  and 
they  can  also  be  seen  in  thin  sections  from  bichromate-osmic  prepara- 
tions within  the  commencing  lacteal ;  in  the  last  situation  they  are 
undergoing  disintegration  (figs.  436,  441,  442).  These  observations 
are  easily  made  in  the  frog. 
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Fig.  44(1. — Vektical  section  of  a  portion  of  a  i>kykh's  i'.\tcu  with  tue 
i^ACTHAL  vesseIjS  INJECTED.    Magnified  32  diameteis.    (Fiey. ) 

Tlie  specimen  is  from  the  lower  part  of  the  ileum  ;  n,  villi,  with  their  lacteals  left  white  ; 
b,  some  of  the  tubular  ;,'lancls ;  c,  the  nuiscular  layer  of  the  mucous  membrane  ; 
(I,  cupola  or  projectinff  part  of  the  nodule  ;  e,  central  part ;  /,  the  reticulated  lacteal 
vessels  occupyiiif?  the  lymphoid  tissue  between  the  nodules,  joined  above  by  the 
lacteals  from  the  villi  and  nuicous  surface,  and  passing  below  into  g,  the  sinus-like 
lacteals  under  the  nodules,  which  ag'ain  pass  into  the  large  efferent  lacteals,  </ ;  i, 
part  of  the  muscular  coat. 


Fid.  441. — Section  of  the  villus  of  a  rat  killed  during  fat-absorption. 

.   ep,  epithelium  ;  «(;•,  striated  border ;  c,  leucocytes ;  c',  leucocytes  in  the  epithelium  ; 
I,  central  lacteal  containing  chj'le  and  disintegrating  leucocytes. 
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Since  the  leucocytes  are  amcuboid,  it  is  probable  from  these  facts 
that  the  mechanism  of  fat-absorption  consists  of  the  following  processes 
— viz.  (1)  absorption  or  formation  of  fat  in  the  columnar  epithelium- 
cells  of  the  surface ;  (2)  ejection  of  fat-granules  from  the  epithelium 
into  the  tissue  of  the  villus ;  (3)  inception  of  fat  by  leucocytes, 
these  taking  it  up  after  it  has  passed  out  of  the  epithelium-cells ;  (4) 
migration  of  leucocytes  carrying  fat-particles  thi'ough  the  tissue 
of  the  villus  and  into  the  central  lacteal ;  (5)  disintegration  and  solution 
of  the  immigrated  leucocytes,  and  setting  free  their  contents.  Since 


442. — Mucous  MKMBKANE  OF  FROG's  INTESTINE  DURING  FAT-AliSOKl'TlUN. 
ep,  epithelium  ;  str,  striated  border ;  c,  leucocytes ;  I,  lacteal. 

A  B 


Fig.  443.— Two  stages  in  tue  uErosmoN  of  fat  in  the  intestinal 

EPITHELIUM  OF  THE  FRO(;.  (Ktelll.) 

fat-particles  are  never  seen  in  the  striated  border  of  the  columnar 
cell  it  is  probable  that  the  fat  first  becomes  saponified  by  the  action  of 
the  digestive  juices,  and  reaches  the  epithelium-cell  in  the  form  of 
dissolved  soap ;  the  fat  which  is  seen  and  stained  by  osmic  acid  within 
the  cells  having  become  re-formed  by  a  process  of  synthesis. 

In  some  young  animals  (puppy,  kitten)  the  fat  which  is  undergoing 
absorption  is  seen  not  only  in  epithelium-cells  and  leucocytes,  but 
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also  in  the  form  of  streaks  of  liquid,  stained  black  by  osmic  acid,  in  tlie 
interstices  of  the  reticular  tissue  of  the  villi.  It  has  probably  passed 
out  from  the  epithelium  in  a  dissolved  condition  by  a  kind  of  reversed 
secretion. 

The  migration  of  leucocytes  into  the  lacteals  of  the  villi  is  not 
a  special  feature  of  absorption  of  fat,  but  occurs  also  when  absorp- 
tion of  other  matters  is  proceeding  (fig.  436);  the  transference  of 
fat-particles  is  merely  a  part  of  a  more  general  phenomenon  of 
migration  of  leucocytes  which  accompanies  tlie  process  of  absorption. 


Fif).  44.5.  Transvehsk  section  of  \t3Rmiform  .vppENmx.    (G.  Mann.) 

The  large  intestine  has  the  usual  four  coats,  except  near  its  termina- 
tion, where  the  serous  coat  is  absent.  In  man  tlie  vmscular  coat,  is 
peculiar  in  the  fact  that  along  the  csecum  and  colon  the  longitudinal 
muscular  fibres  are  gathered  up  into  three  thickened  bands  whicli 
produce  puckerings  in  the  wall  of  the  gut. 

The  mucous  memhraup,  of  tlie  large  intestine  is  beset  mth  simple 
tubular  glands  somewhat  resembling  the  crjT)ts  of  Lieberkiihn  of  the 
small  intestine,  and  lined  by  columnar  epitlielium  similar  to  that  of 
the  inner  surface  of  the  gut,  but  containing  many  more  mucus-secreting 
or  goblet-cells  (fig.  444).  The  blind  extremity  of  each  gland  is  usually 
slightly  dilated.  The.'^e  glands  of  the  large  intestine  are  not  strictly 
homologous  with  the  crypts  of  tlie  small  intestine,  for  whereius  the 
latter  are  developed  as  depressions  in  the  general  surface  between  tlie 
villi,  the  glands  of  the  large  intestine  are  formed  by  the  growing 
together  of  villus-like  projections  of  the  surface.    The  interglandular 
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tissue  is  a  reticular  tissue  and  is  beset  here  and  there  with  solitary 
glands,  especially  in  the  ctecum.  The  mucous  membrane  of  the 
vermiform  appendix  (fig.  445)  is  in  great  part  of  its  extent  packed 
full  of  lymphoid  nodules. 

The  arrangement  of  the  blood-vessels  and  lymphatics  in  the  large 
intestine  resembles  that  in  the  stomach.  The  nerves  of  the  laro-e 
intestine  also  resemble  those  of  the  stomach  and  small  intestine  in 
their  arrangement. 

At  the  lower  end  of  the  rectum  the  circular  muscular  fibres  of  the 
gut  become  thickened  a  little  above  the  anus  to  form  the  internal 
sphincter  muscle.  In  the  anal  region  there  are  a  number  of  compound 
racemose  mucous  glands  opening  on  the  surface  of  the  mucous  mem- 
brane {anal  glands).  The  anus  has  a  lining  of  stratified  epithelium 
continuous  witli  that  of  the  skin. 
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LESSONS  XXXIV.  AND  XXXV. 

THE  LIVER  AND  PANCREAS. 

1.  Sections  of  liver  are  to  be  studied  carefully.  They  may  be  stained  with 
eosin  and  htematoxylin,  or  by  iron-hajiiiatoxylin.  Sketch  the  general 
arrangement  of  the  cells  in  a  lobule  under  the  low  power  ;  and  undei'  the 
high  power  make  very  careful  drawings  of  some  of  the  hepatic  cells  and  also 
of  a  portal  canal.  If  from  the  pig,  the  outlines  of  the  lobules  are  observed 
to  be  very  well  marked. 

Notice  that  the  hepatic  cells  are  in  intimate  contact  with  the  blood-capil- 
laries or  sinusoids.  Some  cells  are  occasionally  found  to  contain  red  blood- 
corpuscles  ;  many  contain  eosinophil  granules.  Notice  in  the  sinus-like 
capillaries  the  large  partly  detached  endothelial  cells  (stellate  cells  of  Kupffer). 
These  also  frequently  contain  erythrocytes,  which  appear  to  be  in  process 
of  destruction. 

2.  To  observe  glycogen  within  the  liver  cells,  kill  a  rabbit  or  rat  (pre- 
ferably about  six  hours  after  a  full  meal  of  carrot),  and  at  once  throw  a  thin 
piece  of  the  liver  into  96  per  cent,  alcohol.  When  well  hardened  the  piece 
may  be  embedded  in  paraffin  in  the  usual  way,  or  sections  may  be  cut  with 
the  free  hand  without  embedding.  Some  of  the  sections  so  obtained  are  to 
be  treated  with  a  1  per  cent,  solution  of  iodine  in  potassium  iodide  for  five 
minutes  ;  they  may  then  be  mounted  in  a  nearly  saturated  solution  of  potas- 
sium acetate,  the  cover-glass  being  cemented  with  gold  size,  but  they  will 
eventually  fade. 

3.  Presence  of  iron.  Other  sections  of  alcohol-hardened  liver  are  to  be 
treated  first  with  potassium  fei'rocyanide  solution  and  then  with  hydrochloric 
acid  and  alcohol  (1  to  10),  passed  tlxrough  absolute  alcohol  into  xylol,  and 
mounted  in  dammar ;  in  these  many  of  the  pigment  granules  will  be 
stained  blue  (Prussian  blue).  Or  the  'sections  may  simply  be  placed  in  an 
aqueous  solution  of  hajmatoxylin  (1  to  300),  with  or  without  previous  treat- 
ment with  alcohol  containing  10  parts  per  cent,  hydrochloric  acid  (to  set 
free  organically  combined  iron),  after  which  they  are  mounted  in  the 
ordinary  way  (Macallum's  method). 

4.  Injected  preparations.  Study  with  the  low  power  a  thick  section  to 
show  the  general  arrangement  of  the  blood-vessels,  and  with  a  high  power 
a  very  thin  section,  which  may  be  lightly  stained  with  hajmatoxylin.  In  this 
the  injection  will  be  seen  to  have  penetrated  into  canalieuli  within  the  liver- 
cells  themselves.  Make  a  general  sketch  of  a  lobule  under  the  low  power 
and  draw  a  small  part  of  the  network  of  blood-ve.ssels  and  intracellular 
canalieuli  under  the  high  power. 

5.  Take  a  small  piece  of  liver  which  has  been  several  weeks  in  -2  per  cent, 
bichromate  of  potassium  solution  or  Midler's  fluid  and  plunge  it  m  1  per 
cent,  nitrate  of  silver  solution,  changing  the  fluid  after  half  an  hour.  Leave 
the  piece  of  liver  in  the  silver  solution  overnight.  It  may  then  be  trans- 
feried  to  alcohol,  and  after  complete  dehydration  embedded  and  cut  m 
paraffin  in  the  usual  way  and  the  sections  mounted  in  dammar.  In  many 
parts  of  such  sections  the  bile-canaliculi  are  stained. 

They  can  also  be  brought  to  view  (at  the  periphery  of  the  lobules)  by 
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injection  with  solution  of  Berlin  blue  from  the  hejiatic  duct ;  or,  thioughout 
the  whole  of  the  lobule,  by  injecting  about  60  c.c.  of  saturated  sul])liindi- 
gotate  of  soda  solution  in  three  successive  portions  at  intervals  of  half  an 
hour,  into  the  blood-vessels  of  an  auiesthetised  cat  or  rabbit.  Two 
hours  after  the  last  injection  the  animal  is  killed,  and  the  blood-vessels 
washed  out  with  saturated  solution  of  potassium  chloi'ide.  The  oi'gan  is 
then  fixed  with  absolute  alcohol.  The  chromate  of  silver  method  is  ea.sier 
and  surer  than  the  injection  methods. 

6.  Tease  a  piece  of  fresh  liver  in  serum  or  .salt  solution  for  the  study  of 
the  appearance  of  the  hepatic  cells  in  the  recent  or  living  condition. 

7.  Stained  sections  of  pancreas  from  a  gland  which  has  been  hai'dened  in 
alcohol,  or  in  formol  followed  by  alcohol.  The  .sections  may  be  stained  with 
eosin  and  hajmatoxylin  or  with  iron  hiematoxylin.  Notice  the  islets  of 
Langerhans  between  the  alveoli  ;  they  are  most  nuineious  neai-  the  splenic 
end  of  the  pancreas. 

Make  sketches  under  both  low  and  high  power. 

8.  Tea.se  a  small  piece  of  fresh  pancreas  in  .serum  or  salt  .solution  or 
in  glycerine  after  osmic  acid.  Notice  the  giunules  in  the  alveolar  cells, 
chiefly  accumulated  in  the  half  of  the  cell  which  is  neai-est  the  lumen  of  the 
alveolus,  leaving  the  outer  zone  of  the  cell  clear. 

Sketch  a  small  portion  of  an  alveolus  under  a  high  power. 

9.  The  endings  of  the  ducts  in  the  alveoli,  and  the  termination  of 
nerve-fibres  amongst  the  gland  cells  may  be  seen  in  )jreparations  made  by 
the  (Tolgi  method. 


THE  LIVER. 

The  liver  is  a  .solid  glandular  organ,  made  up  of  the  hepatic  lobn/fs. 
These  are  polyhedral  masses  (fig.  446)  about  1  mm.  (— '=r  inch)  in 
diameter,  composed  of  cells,  and  separated  from  one  another  by 
connective  tissue.  In  some  animals,  as  in  the  pig,  this  .separation 
is  complete,  and  each  lobule  is  isolated,  but  in  man  and  most  animals 
it  is  incomplete.  There  is  also  a  layer  of  connective  tissue  underneath 
the  serous  covering  of  the  liver,  forming  the  so-called  capsule  of  the 
organ.  Each  lobule  is  penetrated  by  a  fine  network  of  reticular 
tissue  which  helps  to  support  the  columns  of  cells  within  the  lobule 
(fig.  447). 

The  afferent  blood-vessels  of  the  liver  (portal  vein  and  hepatic  artery) 
enter  it  on  its  under  surface,  where  also  the  bile-duct  passes  away  from 
the  gland.  The  branches  of  these  three  vessels  accompany  one  another 
m  their  course  through  the  organ,  and  are  inclosed  by  loose  connective 
tissue  {capsule  of  GUssoii),  in  which  are  lymphatic  vessels,  the  whole 
being  termed  a  portal  canal  (fig.  448).  The  smaller  branches  of  the 
vessels  penetrate  to  the  intervals  between  the  hepatic  lobules,  and 
are  known  as  the  interlobular  branches.  The  blood  leaves  the  liver 
at  the  back  of  the  organ  by  the  hepatic  veins;  the  branches  of 
these  run  through  the  gland  unaccompanied  by  other  vessels  (except 
lymphatics)  and  can  also  be  traced  to  the  lobules,  from  each  of 
which  they  receive  a  minute  branch  (central  or  intralobular  vein) 
23 
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which  passes  from  the  centre  of  the  lobule,  and  opens  directly  int^ 
the  (sublobular)  branch  of  the  hepatic  vein. 


Ym.  446.— Diagrammatic  representation  of  two  hepatic  LOBrj.ES. 


The  left-hand  lobule  is  represented  with  the  intralolnilar  yen.  cut  across,  in  tl>e  "KM- 
l  and  one  the  section  tal<es  the  course  of  the  intralobular  ven.  p,  ."'terlobu lar 
branches  of  the  portal  vein;  h,  intralobular  branches  of  the  hepatic  veins ;  «,  snh- 
lotalar  vein  :  c,  capillaries  of  tlie  lobules.  The  arrows  ndicate  the  dn-ect.ou  of  the 
course  of  the  blood.    The  liver-cells  are  only  represented  in  one  part  of  each  lobule. 


riti.  447. -Rkticuia-m  of  a  uvER-LOBrr,r..  (Oppcl.) 
V.C.,  central  vein  :  i,  interlobular  interval. 


THE  LIVER. 
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Each  lobule  is  a  mass  of  hepatic  cells  pierced  everywhere  with  a 
network  of  sinusoid  blood-vessels,  the  so-called  hepatic  capillaries 
(iig.  446),  which  at  the  periphery  of  the  lobule  receive  blood  from  the 
interlobular  branches  of  the  portal  vein  [p),  and  converge  to  the  centre 
of  the  lobule,  where  thej^  unite  to  form  the  intralobular  branch  of  the 
hepatic  vein.  The  interlobular  branches  of  the  hepatic  arteries  join 
this  network  a  short  distance  from  the  periphery  of  the  lobule.  The 
blood-capillaries  are  in  direct  contact  with  the  liver  cells ;  indeed,  it 
would  appear  as  if  the  endothelium  is  deficient,  for  artificial  injections 
are  seen  to  be  in  contact  with  the  cells  and  even  to  pass  between  their 
interstices  and  run  into  canaliculi  within  their  protoplasm.  The 
endothelium  of  the  blood-vessels  (or  sinusoids)  is  in  part  at  least 


I 

Flfl.   448. — Suf'TION   OF  A   I'ORTAL  CANAT,. 

a,  bnuich  of  hepatic  artery  ;  v,  branch  of  portal  vein  ;  d,  hile-duct ;  I,  I,  lymphatics  in 
the  areolar  tissue  of  Glisson's  capsnle  which  incloses  the  \  esseis. 

represented  by  certain  con.spicuous  cells  which  occur  at  intervals  on 
the  walls  of  the  sinusoids,  and  lie  in  contact  with  the  liver  cells. 
These  cells  were  described  by  KupfFer.  They  are  phagocytic,  like 
the  endothelial  cells  of  the  blood-.sinu.ses  of  the  .spleen,  and  ingest 
erythrocytes,  which  can  be  seen  within  them. 

■  The  hepatic  cells,  which  everywhere  lie  between  and  surround  the 
capillarie,s,  are  polyhedral,  somewhat  granularlooking  cells,  each 
containing  a  spherical  nucleus.  The  protoplasm  of  each  cell  is 
pervaded  by  an  irregular  network  of  canaliculi  (fig.  452),  which 
in  preparations  of  injected  liver  become  filled  with  the  injection 
material,  which  has  passed  into  them  from  the  blood-vessels  (Herring 
and  Simpson).  They  thus  form  a  system  of  intracellular  canals  which 
probably  I'eceive  the  blood-plasma  directly  from  the  vessels.  Such 
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canals  were  conjectured  to  exist  by  Browicz,  who  showed  that  under 
certain  circumstances  not  only  hsemoglobin  but  whole  red  blood- 
corpuscles,  and  even  groups  of  blood-corpuscles,  which  are  in  process 
of  breaking  down,  are  to  be  found  in  the  interioi'  of  the  hepatic 
cells.  In  the  dog's  liver  both  hremoglobin  and  bilirubin  may  be 
found  in  the  form  of  crystals  within  the  nuclei  of  the  liver  cells 
(Browicz).  It  is  easy  to  inject  these  minute  canals  from  the  blood- 
vessels, and  they  are  clearly  shown  filled  with  the  injection  mass 
in  the  preparation  of  injected  liver  of  rabbit  shown  in  fig.  453. 
Besides  these  plasma-channels,  the  liver  cells  may  show  fine,  short 


Pic  449  —Section  of  babbit's  livek  with  the  iNTERCELLrLAii  network  or 
BTLE-CANALicuLi  INJECTED.    Highly  magnified.  (Herring.) 
Two  or  tliree  layers  of  cells  are  represented  ;  &,  bloort-c-apilUiries. 

canals  which  communicate  with  the  intercellular  bile-ducts  (see  below) 
and  generally  commence  within  the  cell  by  a  dilatation  (secretion 

vacuoles).  ,  .     r  ^  j 

After  a  meal  many  of  the  liver  cells  may  contain  fat,  and 
masses  of  glycogen  can  also  be  seen  within  them  (fig.  454)  if  tlie  liver 
be  hardened  in  alcohol  and  treated  in  the  manner  described  in 
.section  2.  The  cells  also  contain  pigment-granules,  many  of  which  are 
stained  by  potassium  ferrocyanide  and  hydrochloric  acid,  or  by  pure 
hematoxylin  (presence  of  iron).  The  iron  which  is  in  organic  com- 
bination can  be  set  free  by  treatment  for  a  short  time  with  alcohol 
to  which  10  p. 0.  hydrochloric  acid  has  been  added. 
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The  ducts  commence  between  the  hepatic  cells  in  the  form  of  inter- 
cellular hile-canaliculi,  which  lie  between  the  adjacent  sides  of  the 
cells,  and  receive  the  contents  of  the  secretion-vacuoles  above 
mentioned.  They  form  a  network,  the  meshes  of  which  correspond 
in  size  to  the  cells  (fig.  449),  and  at  the  periphery  of  the  lobule 


Fio.  450.— Lobule  of  KAitmi's  livhr:  vkssels  and  bii.e-ditcts  iN.nccTEn. 

(Cadiat. ) 

a,  central  vein  ;  b,  b,  peripheral  or  interlobular  veins ;  c,  interlobular  bile-duct.  The 
liver-celLs  are  not  represented. 

they  pass  into  the  interlobular  bile-ducts  (fig.  450).  In  many  animals 
the  bile-canaliculi  do  not  form  an  actual  network  but  fine  arborisations 
between  the  cells.  They  are  always  bounded  by  hepatic  cells,  never 
placed  between  a  cell  and  a  blood-capillary  (G.  Retzius). 

The  bile-ducts  are  lined  by  clear  columnar  epithelium  (fig.  448,  d). 
Outside  this  is  a  basement-membrane,  and  in  the  larger  ducts  some 
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fibrous  and  plain  muscular  tissue.  Many  of  the  large  ducts  are 
beset  with  small  blind  diverticula. 

The  gall-bladder  is  in  its  general  structure  similar  to  the  larger 
bile-ducts.    It  is  lined  by  columnar  epithelium,  and  its  wall  is  formed 
A  B 


Fig.  451.— Sections  or  the  wall  of  the  gall-bladder.    (Sonimer  ) 


A  Under  a  low  niaffiiifj'ing  power,    a,  muscular  coat ;  b,  a  fold  of  mucous  membrane ; 

c,  columnar  epithelium  ;  d,  portion  represented  in  B  more  highly  magnified. 
B,  Magnified  portion  of  epithelium  and  subjacent  corium.  e,  striated  border  ;/,  mucigen 
gi'anules  in  cells  ;  i/,  blood-capillaries. 


Fifi.  452. 


Fig.  453. 

FlO.  462.— A  CEIi  FROM  THE  HUMAN  LnTSB,  SHOWING  INTBACEIiULAB 

CANALICULI.  (Browicz.) 
Fio  453  — Fkom  a  section  or  babbit's  liveb  injected  from  the  portal 

■    VEIN,  SHOWING  INTRACELLULAR  CANALICULI  COMMUNICATING  WITH  THE 
intercellular  BLOOD-SINUSOIDS. 

of  fibrous  and  muscular  tissue.  The  mucous  membrane  is  thrown 
into  reticulating  folds  (fig.  451),  which  become  larger  and  more 
numerous  near  the  neck  of  the  gall-bladder. 

The  lymphatics  of  the  liver  have  been  described  as  commencing  as 
perivascular  lymphatic  spaces  inclosing  the  capillaries  of  the  lobules 
(MacGillavry).    But  this  cannot  be  so,  since  there  is  no  space  between 
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the  liver  cells  and  the  sinusoid  capillaries  with  which  they  come  into 
immediate  relationship  (Herring  and  yimpson).  All  that  can  be 
positively  asserted  is  that  there  are  numerous  lymphatics  accompany- 
ing the  branches  of  the  portal  vein,  and  others,  less  numerous, 
accompanying  the  tributaries  of  the  hepatic  veins,  but  so  far  as  can 
be  ascertained  no  direct  communication  exists  between  the  two  sets 
of  lymphatics  within  the  lobules,  although  they  communicate  freely 


Fu;.  454.— LivKR  cei.ls  cont.vinini;  liLVCocEN.    (Barfurth. ) 

both  at  the  periphery  of  the  lobules  and  near  their  exit  from  the  liver. 
Most  of  the  lymph  passes  out  by  the  portal  lymphatics. 

Nerves  are  described  as  distributed  both  to  the  blood-vessels  and  to 
the  liver  cells. 

TIIK  I'^V^'OREAS. 

The  pancreas  is  a  tubulo-racemose  gland,  resembling  the  salivary 
glands  so  far  as  its  general  structure  is  concerned,  but  differing  from 
them  in  the  fact  that  the  alveoli  are  longer  and  more  tubular  in 
character.  Moreover,  the  connective  tissue  of  the  gland  is  somewhat 
looser,  and  there  occur  in  the  glandular  substance  here  and  there 
small  groups  of  epithelium-like  cells  unfurnished  with  ducts  {idets  oj 
Lawjerhans)  (fig.  455,  a;  fig.  456),  which  are  supplied  with  a  close 
network  of  large  convoluted  capillary  vessels  (fig.  457).  Their 
function  is  unknown,  but  their  presence  is  very  characteristic  of  the 
pancreas.  The  degeneration  which  they  sometimes  undergo  in  cases 
of  diabetes  mellitus  (as  well  as  other  considerations)  seems  to  suggest 


360  THE  ESSENTIALS  OF  HISTOLOGY. 

tluit  they  are  concerned  with  the  influence  exerted  by  the  pancreas 
on  the  metaboHsm  uf  carbohydrates. 


a,  ifi-oup  of  cells  in  interstitial  tissue  (islet  of  Laiiiferhaiis) ;  b,  uoniieetive  tissue  ;  c,  larger 
duet ;  ri,  d,  alveoli  with  eentro-aeiiiar  cells  ;  c,  sin.all  duet  i.a*sui|?  nito  alveoli ;  /,  mncr 
granular  zoue  of  ah'eolus. 


Fi(i.  45(i. -Suction  of  paisX'KE.^s  of  akm.m.im.o  showin.^^  skvkhai  ai.vkoi.i 

AND  A  LAKOE  INTEKAI.VEOJ.AK  CELL  ISLET.     (V.  D.  Harl'lS. ) 

The  cells  of  the  alveoli  are  shrunkeu,  but         'i'-™' "r'^^'l'-yvwln 
or  iion-jrramilar  stained  deeply  hv  ha-matox.N  lin. 

The  cells  which  line  llie  alveoli  are  columnar  or  polyliedral  in 
shape.  When  examined  in  the  fresh  condition,  or  in  sections  .stained 
by  certain  reagents  {a.,,,  osmic  acid),  their  protoplasm  is  seen  to  be 
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Fli:.   457. — I.N'.JKCTIIIN   (JF  BJ^OOU-VESSELS  OF  AN   "  1SI^?;T  "  OF  THK  I'ANLKEAb. 

(Kiihne  and  Lua.) 


Fui.  458.— Pakt  of  an  alveolus  of  tue  kaiibit's  pancreas.    A,  at  ke«t  ; 
/?,  AFTER  ACTIVE  SECRETION.    (From  Foster,  after  Kiihne  and  Lea.) 
»,  the  inner  (franuliir  zone,  wliieli  in  A  is  larger  and  more  oloselv  stnclfled  witli  graiiules 
t  ian  m  B,  ni  wlueli  tlie  granules  are  fewer ;  6,  tlie  outer  transparent  zone,  small  in 
A,  larger  m  B.  and  in  the  latter  marked  with  faint  striic  ;  c,  the  lumen,  very  obvious 
in  /),  Init^HKlistniot  ill  A  ;  d,  indentation  at  the  junction  of  two  cells,  only  distinct 
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lilled  ia  the  inner  two-thirds  with  granules,  but  the  outer  tliird  is 
left  clear  or  is  striated  (fig.  455,  458,  A  ;  figs.  459).  After  a  period  of 
activity  the  clear  part  of  the  cell  becomes  larger,  and  the  granular 
part  smaller  (figs.  458,  B ;  fig.  460).  In  ha^matoxylin-stained  sections 
the  outer  part  is  coloured  more  deeply  than  the  inner  (fig.  456). 


Fid.  460.  — .A.LV-KO].!  (IF  IXXi's  I'ANCBEAS  .VPTEK  A  PKKIOU  OF  ACTIVITY  I'KOUrCKl) 
BY  AIH'LIC.VTION  OF  ACID  TO  MUCOUS  MEMBRANE  OF  DUODENUM. 


Fic.  4(51. -Fkom  a  .shltui.n  of  human  i-anckeas.    (v.  Elmer.)  MagniHed 

53U  diameters. 

a,  a,  outer  zones  of  alveolar  cells  with  ?t'Hated  appearance  ;  fc.  i.i.ier  ^;™;';>'«^/-<|;j^: 
m  iiiembrana  iiropria ;  c,  centro-acniar  cells,  here  occuri  intr  m  i  iiubuaii.\  arRe 
amount  ;  ™""ncWonal  part  of  <luct;  its  epitheliuni  is  continuous  with  the  ccnlro- 
acinar  cells. 

Pancreas  cells  frequently  exhibit  a  rounded  mass  of  granul&s  or 
fibrils  (mitochondria)  near  the  nucleus,  which  is  known  as  the  para- 
nucleus:  this  is  probably  related  to  the  secretory  activity  of  tlu- 
cells. 

In  the  centre  of  each  acinus  there  may  generally  be  seen  some 
spindle-shaped  cells  {centro-aciuar  cells  of  Langerhans— fig.  455,  d),  the 
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nature  of  which  has  not  been  definitely  determined  ;  but  they  appear  to 
be  continued  from  the  cells  which  line  the  smallest  ducts  (fig  455,  e). 
Sometimes  they  are  mucli  more  conspicuous,  and  fill  the  parts  of  the 
alveoli  which  are  nearest  to  the  duct  (fig.  ^61);  in  these  cases  the  mass 
of  cells  which  they  form  is  liable  to  be  mistaken  for  a  Langerhans'  islet. 


A 


Fll!.  462.— A  DUCT  OF  TUK  PANCREAS  WITH  I.ATERAJ.  DIVERTICULA  INTO 
THE  AI.VEOLI;  GOLCI  METHOD.      (E.  Milller.) 
In     the  duet  is  sUmwn  cut  loufritudinally  and  giving  off  ductules,  in,  to  tlie  alveoli 
where  they  extend  between  the  cells  (/).    In  B  the  details  of  their  termination  are 
shown  more  hijchly  niagtiified. 

Diverticula  from  the  lumen  of  the  alveolus  penetrate  between  the 
alveolar  ceUs  (fig.  462).  The  pancreas  has  many  nerves,  with  numer- 
ous small  nerve  cells  distributed  upon  their  course;  the  nerve-fibrils 
end  by  ramifying  amongst  the  cells  of  the  alveoli,  as  in  the  salivary 
glands.  In  the  cat,  which  has  Pacinian  bodies  in  its  mesentery,  these 
terminal  organs  are  also  found  numerously  in  the  substance  of  the 
pancreas  (V.  D.  Harris). 
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LESSON  XXXVI. 

STRUCTURE  OF  THE  KIDNEY. 

1.  Sections  pas-sing  tlirougli  tlie  whole  kidney  of  a  small  inaiiinial,  such  as  a 
mouse  or  rat.  The  sections  will  show  the  general  anungenient  of  the  organ 
and  the  disposition  of  the  tubules  and  of  the  Malpighian  corpuscles. 

•2.  Thin  sections  of  the  kidney  of  a  larger  nianmial,  such  as  the  dog  or  cat, 
may  next  be  studied.  In  some  the  direction  of  the  section  should  be  parallel 
with  the  rays  of  the  medulla,  and  in  others  acro.ss  their  direction.  Tlie 
cliaracters  of  the  epithelium  of  the  several  parts  of  the  uriniferous  tubule.s 
and  the  structure  of  the  glomeruli  are  to  be  made  out  in  these  sections. 

3.  Separate  portions  of  the  uriniferous  tubules  may  be  studied  in  teased 
preparations  fi'om  a  kidney  which  has  been  macerated  in  strong  bydi-o- 
chloi-ic  acid  for  a  few  hours.  Thi.s  i-enders  it  possible  to  uni-avei  the 
uriniferous  tubules  for  some  distance. 

4.  Thick  sections  of  a  kidney  in  which  the  blood-vessels  have  been 
injected.  Examine  these  with  a  low  power  of  the  microscope.  Follow  the 
course  of  the  arteries — those  to  the  cortex  sending  their  branches  to  the 
glomeruli,  those  to  the  medulla  rapidly  dividing  into  pencils  of  line  vessels 
which  run  between  the  straight  uriniferous  tubules  of  the  boundary  zone. 
Notice  also  the  effeient  vessels  from  the  glomeruli  breaking  up  into  the 
capillaries  which  are  distributed  to  the  tubules  of  the  cortical  substance. 


The  kidney  is  a  compound  tubular  gland.  To  the  naked  eye  it 
appears  formed  of  two  portions — a  cortical  and  a  medullary  (fig.  463). 
The  latter  is  subdivided  in  man  into  about  twelve  pyramidal  portions 
{pyramids  of  Malpighi),  the  base  (boundary  zone)  of  each  being  sur- 
rounded by  cortical  substance,  while  the  apex  projects  in  the  form  of 
a  papilla  into  the  dilated  commencement  of  the  ureter  (pelvis  of  the 
kidney).  ^  Both  cortex  and  medulla  are  composed  entirely  of  tubules 
— the  uriniferous  tubules — which  have  a  straight  direction  in  the 
medulla  and  a  contorted  arrangement  in  the  cortex  ;  but  groups  of 
straight  tubules  also  pass  from  the  medulla  through  the  tliickness  of 
the  cortex  (medullary  rays)  (figs.  463,  464). 

The  uriniferous  tubules  begin  in  the  cortical  part  of  the  organ  in 
dilatations,  each  inclosing  a  tuft  or  glomerulus  of  convoluted  capillary 
blood-vessels  (corpuscles  of  Malpighi),  the  dilated  commencement  of  the 
tubule  being  known  as  the  capsule  (fig.  467,  si).    The  glomerulus  is 

'  In  many  animals  (c.r/.  dog,  cat,  rabbit,  and  monkey)  the  whole  kidney  is 
formed  of  only  a  single  pyramid,  but  in  other  animals  the  pyramids  are  even 
more  numerous  than  in  man. 
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lobulated  (figs.  465,  466) ;  the  lobules  being  united  by  the  afferent 
!ind  efferent  vessels  and  covered  by  a  Hattened  epithelium  reflected 


Fii!.  4f)3. — Diagram  of  thk  course  of  tuk  TunuLES  in  a  fnipyr  vMinAr, 

KinNKV,  SrCH   AS  THAT  OF  THE  RABBIT.      (Tolflt.  ) 

n,  .Malpiphian  bodies ;  b,  first  convoluted  tubule  ;  a,  d,  looped  tube  of  Ilenle  :  e,  seconri 
convoluted  ;  /,  collecting  tube  :  g,  ducts  of  Bellini. 


Fk;.  464. — Section  THKoncii  part  of  a 
i>o<;'s  KIDNEY.    (Ludwig. ) 

p,  papillary,  and  <;,  boundary  zones  of  the  medulla ; 
r,  cortical  layer;  h,  bundles  of  tubules  in  the 
boundary  layer,  separated  by  sjiaces,  b,  containing 
bunches  of  vessels  (not  here  represented),  and 
jirolonj^ed  into  the  cortex  as  the  medullary  rays, 
in  ;  c,  uitervals  of  cortex,  composed  chiefly  of  con- 
voluted tubules,  with  irrcffulni-  rows  of  pr'lomornli, 
between  the  mcdullarv  ra\  s. 


from  that  lining  the  capsule.  The  glomeruli  near  the  medulla  are 
larger  than  the  rest  and  have  more  lobules.  The  capillary-wall  in  all 
the  glomeruli  is  a  syncytium,  showing  no  cell-outlines  in  silver  pre- 
parations (Drasch). 
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The  tubule  leaves  the  capsule  hy  a  neck  (fig.  467,  n)  which  is  rarely 
!iarrowev  than  the  rest  of  the  tubule  in  mammals.    In  some  animals  (e.</. 


Fig  465.— a  malpiohian  cori'usci.e  from  tife  KinxRV  of  tite  monkey. 

(Szynionowicz.)    Magnified  350  diameters. 
a  a  sections  of  convoluted  tubules  ;  «/,  conm.encen.ent  of  convoluted  tul.e  from  c.-ipsnle  : 
'    '  b,  capsule  ;  c,  afferent  and  efferent  vessels  of  srlomerulus. 


Fio.  4(iC.— Model  of  a  oi.omkki  i.rs.  (.lolmstoii.) 
a,  alfercnl. ;  c,  efferonl^  blood-vessel. 
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frog)  the  neck  is  long,  and  has  ciliated  epithelium.  The  tubule  is  at 
first  convoluted  {first  or  distal  convoluted  ttthule).   It  then  becomes  nearly 


.1/ 


Fig.  467. — Plan  of  the  .vkrange- 
ment  of  the  ukiniferous 
TUBULES.  (Huber.) 

M,  Jlalpijjhian  eorpusele.s ;  v,  point  of 
entrance  of  vessels  of  glomerulus ; 
«,  neck  ;  (I.e.,  distal  convoluted  tubule, 
which  arises  from  the  llalpighian 
corpuscle ;  s,  spiral  tubule  into  which 
it  is  continued ;  rf,  narrow  descending 
limb  of  loop  of  Henle ;  B,  loop  of 
Henle  (this  is  sometimes  formed  h\ 
the  narrow  part  of  the  looped  tubule, 
but  is  here  represented  as  formed  by 
the  wider  part) ;  a,  wider  ascending 
limb  of  loop  of  Henle ;  this  passes 
back  to  the  neighbourhood  of  the  same 
Jfolpighian  corpuscle,  often  becoming 
irregular  and  zigzag  at  its  upper  end. 
Here  it  becomes  continuous  with  the 
pro.\imal  convoluted  tubule, p.c,  which 
eventually  passes  into  the  junctional 
tubule,  j,  by  which  it  is  connected 
with  a  collecting  tubule,  c.  B,  duct 
of  Bellini,  receiving  a  number  of  con- 
joined collecting  tubules  and  opening 
at  a  i)apilla. 


straight  or  slightly  spiral  only  {spiral  tubule),  and  rapidly  narrowing 
passes  down  into  the  medulla  towards  the  dilated  commencement  of  the 
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ui-eter  as  the  descending  Hmh  of  the  looped  tubule  of  Henle.  It  does  not  at 
once,  however,  open  directly  into  the  pelvis  of  the  kidney,  but  before 
reaching  the  end  of  the  papilla  it  turns  round  in  the  form  of  a  loop 
{loop  of  Henle),  and  passes  upwards  again  towards  the  cortex,  parallel 
to  its  former  course,  and  larger  than  heiore  {ascending  limb  of  looped 


I 


gl.  m.  r. 

Fk;.  468. — Part  or  a  section  turouoii  thk  c:ortk.k  or  a  iitman  kii>sey,  thk 

BLOOD-VESSELS  OF  WHICH  HAVE  BEEN"  INJECTED.  (I)isse.) 
gl.,  a  glomerulus  ;  m.r.,  section  of  a  medullary  m.v. 

tubule  of  Henle).  Arrived  at  the  cortex  it  approaches  close  to  the 
capsule  from  which  the  tubule  took  origin,  but  at  a  point  opposite  to 
the  origin,  viz.  near  the  afTerent  and  efferent  vessels  of  the  glomerulus 
(Golgi).  It  then  becomes  larger  and  irregularly  zigzag  {zigzag  or 
irregular  tubule),  and  again  somewhat  convoluted  {second  or  proximal 
convoluted  tubide).    Eventually  it  straightens  out  again  and  narrowing 
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into  a  small  vessel  {  jitncliomtl  tubtde),  joins  a  straight  or  coUeclhuj  iubiil(\ 
The  last-named  unites  with  others  to  form  larger  collecting  tubes  which 
pass  through  the  medullary  substance 
of  the  kidney  to  open  at  the  apex  of 
the  papilla  as  the  dnrls  of  Bellini 
(fig.  472).' 

The  tubules  are  throughout  bounded 
by  a  basement-membrane,  which  is 
lined  by  epithelium,  but  the  characters 
of  the  epithelium-cells  vary  in  the 
different  parts  of  a  tubule.  In  the 
captsiile  (fig.  465),  the  epithelium  is 
Hatteued  and  is  reflected  o\er  the 
glomerulus.  In  some  animals  {<t.y. 
mouse)  the  granular  epithelium  of 
the  convoluted  tube  is  prolonged  a 
little  wa}-  into  the  capsule.  In  the  first 
coiiroliited  and  npiral  tubides  the  epithelium  is  thick,  ;in(l  the  cells  are 


Fu;.  4ti9.  — fSKi.Tiu>;  (jk.vconvoi.ited 

TUlil  LK  UK  TIIH  K.VKBIT's  KIDSEV, 
SHOWINI!  THK  STKrcTrRK  OF  TIIK 

K PIT II  K \A  V  M.  (iSzynionowicz). 
Aiagnified  1 100  diameters. 


i'lC.   470.— PaSS.\GK  (II-  TIIIC  Sl'IIiAL  CUNTINI  ATION  Ol'  A   DI.STAL  CO.N VOI.I'Tlil) 
Tl-pUI.E    INTO    TIIK    DKSCENDINfJ    I,IMB   OF  A   LOOPED  1  UmTLE  OF  IIEXJ.E. 

(Disse.)    Tlio  bend  is  accidental. 

«,  und  of  spiral  tiiliiile  ;  rf,  naiTow  ilescendiiif.'  linili  of  loojied  tiiljiilo  of  Ilunlu. 

markedly  granular,  with  a  tendency  for  the  granules  to  be  arranged  in 
lines  perpendicular  to  the  basement-membrane  (rodded  or  fibrillar  appear- 

'  The  terms  distal  und  proximal  as  applied  to  the  convoluted  tubiiles  are 
sometimes  used  in  a  sense  the  leverse  of  lliat  liere  employed. 

24  • 
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mice,  fig.  469).  The  granules  of  the  cells  are  eosinophil.  The  cells  often 
exhibit  a  brush  of  cilium-like  processes  projecting  into  the  lumen  (fig. 
469),  but  these  are  not  vibratile.  In  the  narrow  descending  limb  of  the 
looped  tubules,  and  in  the  loop  itself,  the  cells  are  clear  and  flattened 
(fig.  469),  and  leave  a  relatively  large  lumen  ;  in  the  ascending  limb  they 
again  acquire  a  granular  or  fibrillar  structure  and  may  nearly  fill  the 
lumen.  The  arrangement  of  the  cell-granules  in  lines  perpendicular  to 
the  basement-membrane  is  still  m(;re  marked  in  the  zigzag  tulmlea,  and 
a  similar  structure  is  present  also  in  the  second  convoluted  tubules,  into 
which  these  pass.  On  the  other  hand,  the  junctimicd  tubule  has  a  larger 
lumen  and  in  it  the  granular  striated  epithelium  gives  place  to  clear 
flattened  cells.  The  collecting  tubes  have  also  a  very  distinct  lumen  and 
are  lined  by  clear  cubical  or  columnar  epithelium  cells  (fig.  471,  a). 

The  following  gives  a  tabular  view  of  the  parts  which  compose 
a  uriniferous  tubule,  and  the  nature  of  the  epithelium  in  each 
part : 


PORTIO.N  OK  TfliLLE. 


Capsule 

Distal  convoluted  tubule 

Spiral  tubule 

Descending     limb  of 
looped  tubule. 

Loop  of  Henle 

Ascending      limb  of 

looped  tubule. 
Zigzag  tubule 

Proximal  convoluted 
tubule. 


Junctional  tubule 

Straight  or  collectinj 

tubule. 
Duct  of  Bellini 


Nature  of  Epithelicm. 


Flattened,  reflected  over  glomerulus, 

where  its  cells  are  said  to  form  a 

syncytium. 
Cubical,  granular,  with  appearance 

of  fibrillation  ("  rodded"),  the  cells 

interlocking. 
Like  the  last  


Clear  flattened  cells 


be  like  the 


Like  the  last  (or  may 
ascending  limb). 

Cubical,  granular ;  the  cells  some- 
times imbricated. 

Cells  strongly  "rodded":  varying 
height,  lumen  small. 

Similar  to  distal  convoluted  tube,  but 
cells  are  longer,  with  larger  nuclei, 
and  they  have  a  more  refractive 
aspect. 

Clear  flattened  and  cubical  cells 
Clear  cubical  and  columnar  cells 
Clear  columnar  celLs . 


POSITIOX  OF  Tl  BlLE. 


Labyrinth  of  cortex. ' 


Labyrinth  of  corte.x. 


ray 


of 


Medullary 
cortex. 

Boundary  zone  and 
partly  papillary 
zone  of  medulla. 

Papillary  zone  of 
medulla. 

Medulla,  and  medul- 
lary ray  of  cortex. 

Labyrinth  of  cortex. 

Labyrinth  of  cortex. 


Labyrinth,  passing 
to  medullary  ray. 

Jledullary  ray  and 
medulla. 

Opens  at  apex  of 
papilla. 


Blood-vessels.— The  renal  artery  divides  into  branches  on  entering 


the  organ,  and  these-  branches  pass  towards  the  cortex,  formin 
complete  arches  between  the  cortex  and  the  medulla  (fig.  473,  a). 
The  branches  of  the  renal  vein  form  similar  but  more  complete 
arches  {g).  From  tlie  arterial  arclies  vessels  pass  through  the  cortex 
1  The  part  of  tlie  cortex  between  and  surrounding  the  medullary  rays  is  so  named. 
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{cortical  or  interlobular  arteries,  h),  and  give  off  at  intervals  (in  some 
animals  from  one  side  only)  small  arterioles  {affere'ut  vesseln  of  the 
ijlomeruli),  each  of  which  enters  the  dilated  commencement  of  a  urini- 
ferous  tubule,  within  which  its  capillaries  form  a  glomerulus.  From 
the  glomerulus  a  somewhat  smaller  efferent  vessel  passes  out,  and  this 
at  once  again  breaks  up  into  capillaries,  which  are  distributed  amongst 
the  tubules  of  the  cortex  (e) ;  their  blood  is  collected  by  veins  which  run 
parallel  with  the  cortical  arteries  but  not  in  juxtaposition  with  them  : 
these  veins  join  the  venous  arches  between  the  cortex  and  the  medulla  ; 
they  receive  blood  from  certain  other  veins  which  arise  by  radicles 


Fig.  47 L  — Skction  .\ckoss  -v  p.\i'ill,v  of  the  kidnkv.  (Cadiat.) 
a,  large  collecting  tubes  (duets  of  Bellini) ;  h.  e,  d,  tiilniles  of  Uerile  ;  e,/,  blood-eaplllaries. 

having  a  somewhat  stellate  arrangement  near  the  capsule  (vena: 
stellulce,  j). 

The  medulla  derives  its  blood-supply  from  special  offsets  of  the 
arterial  arches,  which  almost  immediately  break  up  into  pencils  of  fine 
straight  arterioles  running  in  groups  between  the  straight  tubules  of 
the  medulla.  These  arterioles  supply  a  capillary  network  with 
elongated  meshes  which  pervades  the  medulla  (fig.  473,./),  and  which 
terminates  in  a  plexus  of  somewhat  larger  venous  capillaries  in  the 
papillae.  From  these  and  from  the  other  capillaries  the  venules  of 
the  medulla  collect  the  blood,  and  pass,  accompanying  the  straight 
arterioles,  into  the  venous  ai-ches  between  the  cortex  and  medulla. 
The  groups  of  small  arteries  and  veins  {vasa  recta)  in  the  part  of  the 
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medulla  nearest  to  tlie  curtex  alternate  with  groups  of  the  uriniferou.s 
tubules,  and  this  arrangement  confers  a  striated  aspect  upon  this 
portion  of  tlie  medulla  [boundm'y  zone,  fig.  464,  (j). 


Fk;.  472.— LuXdlTUDlNAI,  suction  TMKOldll  A  I'AI'll.l.A  OI-TIIK  Kl  DN  KV  SUOWl  N.; 
ITS  I'lKWUCTION  AT  ONE  OF  TllK  C.U.ICHS  Ol"  TlIK  K 1  UN KV-I'KI.VIS.  (DiSSe.) 
The  ducts  of  Bellini  are  seen  eut,  oim.M.el.v ;  tlu;  smaller  tnl.ule.s  are  '""Ve^j  U>l'"les  of 
Uenle.  a.  ciiithelmm  covering  m»na  ;  b,  ep.tlielunn  Innng  «ilix :  c,  cavit\  of  calix  . 
d,  eonneetive  tissue. 

The  efferent  vessels  of  those  glomeruli  which  are  situated  nearest 
t<j  the  medulla  also  break  up  into  pencils  of  fine  vessels  {false  vasa 
recta)  which  join  the  capillary  network  of  the  medulla  (fig.  473,  d). 
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Between  the  uriniferous  tubules,  and  supporting  the  blood-vessels, 
is  a  certain  amount  of  connective  tissue  (fig.  471),  which  contains 
cleft-like  lymphatics. 


Fig.  473. — Vascular  shpfly  of  kidney.  (Cadiat.) 

o,  part  of  arterial  arch  ;  6,  interlobular  artery ;  c,  glomerulus ;  d,  efferent  \essel  pnssing 
to  medulla  a.s  false  arteria  recta ;  e,  capillaries  of  cortex :  /,  capillaries  of  medulla ; 
<l,  venous  arch  ;  /i,  straight  veins  of  medulla  ;  j,  vena  stcllula  :  ?',  interlolmlar  vein. 

Nerve-fibrils  are  described  as  ramifying  amongst  the  epithelium-cells 
of  the  tubules  (fig.  474),  but  most  of  the  nerves  to  the  kidneys  are 
distributed  to  the  blood-vessels. 

Development  of  the  uriniferous  tubules.— The  ducts  of  Belli  ni  and  the 
collecting  tubule.s  are  derived  as  hollow  .sprouts  from  the  enlarged  iip])ei' 
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end  of  the  ureter,  which  in  its  turn  is  formed  ;is  a  i)iid  from  the  Wolffian 
duct  of  tiie  endiryo.  Tlie  rest  of  the  uriniferons  tubules,  including  the 
Malpighian  corpuscle,  is  formed  from  a  liollow  S-shaped  island  of  ceils 
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wliieli  become  differentiated  in  tlic  mesodeiin  near  tlie  blind  end  of  a 
collecting  tubule.  The  lower  part  of  the  S  forms  a  sjjoon-shaped  structure, 
within  the  bowi  of  which  the  vessels  of  the  gloniervdi  become  developed  ; 
the  sides  of  the  bowl  then  grow  round  and  comi)letely  inclo.se  them. 
The  upper  part  of  the  S  foims  a  convoluted  tubule  which  before  long  make.s 
connection  with  tlie  previously  blind  end  of  the  foi-ked  collecting  tubule. 
At  lirst  there  is  no  sign  of  the  "looped  tubule,  but  this  presently  grows  down 
from  the  convoluted  tubide,  veiy  mucli  as  if  a  part  of  this  tube  had  been 
drawn  out  towards  the  jjapilla."  The  several  stages  of  formation  of  the 
uriniferous  tubule  are  shown  in  the  diagrams  marked  1  to  .'>  in  tig.  47^. 
Tliese  diagrams  exhibit  nine  stages  of  development  of  the  tubules,  since  in 
every  one,  e.xcept  diagram  .3,  an  earlier  stage  is  repre.sented  u]mn  the  left- 
haml  side,  and  a  later  upon  the  right-hand  side. 
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LESSOK  XXXVII. 

STRUCTURE  OF  THE  URETER,  BLADDER,  AND 
MALE  GENERATIVE  ORGANIC. 

\.  Section  across  the  lower  part  of  the  ureter.  Another  section  niav  he 
taken  across  the  uppei'  part  near  the  pelvi.s  of  the  kidney. 

2.  Section  of  the  urinai'v  bladdei'  vertical  to  the  surface. 

In  the  sections  of  the  ureter  and  of  the  ui'inaiy  bladder,  notice  the  tian- 
sitional  epithelium  resting  on  a  mucous  membrane,  which  is  composed  of 
areolar  tissue  without  glands  (in  most  animals),  and  the  muscular  coat 
outside  this.  In  the  ui'etei'  thei'e  is  a  layer  of  connective  tissue  outside  the 
muscular  coat,  and  at  the  upper  part  of  the  bladder  a  layer  of  serous 
membrane  covering  the  muscular  tissue. 

3.  Section  across  [the  penis  (child  or  monkey).  The  blood-vessels  of  the 
oi'gan  .should  be  injected  with  the  hardening  fluid  so  as  the  better  to  exhibit 
the  ai'iangement  of  the  venous  spaces  which  constitute  the  erectile  tissue. 
Notice  the  large  venous  sinuses  of  the  corpora  cavernosa  and  the  smaller 
spaces  of  the  corpus  spongiosum,  in  the  middle  of  which  is  seen  the 
(flattened)  tube  of  the  urethra. 

4.  Section  aci'oss  urethra  and  pi-ostate  gland  (child  oi'  monkey).  Notice 
the  glandular  tubes  and  the  plain  muscular  tissue  of  the  prostate,  and  the 
character  of  the  urethral  epithelium. 

5.  Section  of  testis  and  epididymis.  The  sections  may  be  made  ivtwn 
a  rat's  testis  which  has  been  hardened  in  alcohol  ;  they  can  be  stained 
with  iion-hrematoxylin.  In  these  sections  notice  the  strong  capsule  sur- 
rounding the  gland,  the  substance  of  which  consists  of  tubules  which  are 
variously  cut  ;  and  the  epithelium  of  the  tubules,  which  is  in  different 
phases  of  development  in  different  tubules.  Observe  the  strands  of  poly- 
hecli-al  interstitial  cells,  much  more  numerous  in  some  animals,  lying  in  tlie 
loose  tissue  between  the  tubules  ;  also  the  lymphatic  clefts  in  that  tissue. 
Notice  in  sections  through  the  epididymis  the  epithelium  of  that  tube. 

Sketch  carefully  under  a  high  power  the  contents  of  .some  of  the  .semini- 
ferous tubules  to  iilustrate  the  mode  of  formation  of  the  -spermatozoa. 

G.  Examination  of  spermatozoa.  Spermatozoa  may  be  olitained  fresh  froin 
the  testicle  or  seminal  vesicles  of  a  recently  killed  mammal  and  examined  in 
saline  solution.  Their  luovements  may  be  studied  on  the  warm  stage  :  to 
display  their  structure  a  very  high  power  of  the  micro.scope  is  necessary. 
They  inav  be  preserved  and  stained  as  "  Klni ''  preparations,  as  with  marrow 
(P-32).   ■   \  

The  ureter  (fig.  476)  is  a  muscular  tube  lined  by  mucous  raembranc. 
The  muscular  coat  consist.s  of  two  layers  of  plain  muscular  tissue,  an 
outer  circular,  .and  an  inner  longitudinal.  In  the  lower  part  tliere 
are  some  longitudinal  bundles  external  to  the  circular.  Outside  the 
muscular  coat  is  a  layer  of  connective  tissue  in  which  the  blood-vessels 
and  nerves  ramify  before  entering  the  muscular  layer. 
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The  mucoug  membrane  is  composed  of  areolar  tissue,  and  is  lined  by 
transitional  epithelium,  like  that  of  the  bladder. 

The  urinary  bladder  has  a  muscular  wall  lined  hy  a  strong  mucous 
membrane  and  covered  in  part  by  a  serous  coat. 


Frc.  477.— Suction  or  part  of  wall  of  dase  of  uladdkr,  ih'man.  (Lenrlorf.) 

Magnified  230  diameters. 
The  seftion  i)!w.si...s  through  a  ^'liuidula,-  invasimition  of  the  epilheliuin.    ep,  cpitlieliiiin  : 

c,  coriiiin. 

The  muscular  coat  consists  of  three  layers,  but  the  innermost  is 
incomplete.  The  principal  fibres  run  longitudinally  and  circularly,  and 
the  circular  fibres  are  collected  into  a  layer  of  some  thickness  which 


378 


THE  ESSENTIALS  OF  HISTOLOGY. 


immediately  surrounds  the  commencement  of  the  urethra.  The  mucoun 
membrane,  is  lined  by  a  transitional  stratified  epithelium  (figs.  477,  47^). 
The  shape  and  structure  of  the  cells  have  already  been  studied  (p.  G7). 
Many  of  the  superficial  cells  have  two  nuclei.  Near  the  base  of  the 
bladder  gland-like  invaginations  of  the  epithelium  are  occasionally 
found  (fig.  477),  and  in  the  bladder  of  somo  animals  well-marked  glands 
are  constantly  found. 

The  nerrei^  to  the  bladder  form  gangliated  plexuses,  and  ai-e  dis- 
tributed to  the  muscular  tissue  and  blood-vessels :  some  are  said  to 
enter  the  epithelium. 

The  penis  is  maiidy  composed  of  cavernous  tissue  which  is  collected 
into  two  principal  tracts — the  corpora  cavernosa,  one  on  each  side,  and 
the  corpus  upouii'iosii.m  in  tlie  middle  line  inferiorly.     All  these  are 


it 


Fki.  478.— Section  m.  hie  Mncous  membk.\ne  of  the  BL.\nnEK  to  snow 
ITS  epithelium.  (S/.ynionowicz.) 
n,  h,  superHeial  epithelium-oells  ;  c.  leucocyte  :  d,  connectiv  e  tissue  of  iiincoxis  ineinbraiie. 

bounded  by  a  strong  capsule  of  fibrous  and  plain  mu.scular  tissue,  con- 
taining also  many  elastic  fibres  and  sending  in  strong  septa  or 
trabecula;  of  the  same  tissues,  which  form  the  boundaries  of  the 
cavernous  spaces  of  the  erectile  tissue  (fig.  480).  The  arteries  of  the 
tissue  run  in  these  trabeculse,  and  their  capillaries  open  into  the 
cavernous  spaces.  On  the  other  hand,  the  spaces  are  connected  with 
efferent  veins.  The  arteries  of  the  cavernous  tissue  may  sometimes  in 
injected  specimens  be  observed  to  form  looped  or  twisted  projections 
into  the  cavernous  spaces  {hdicinc  arteries  of  .VrJ/er),  into  which  they 

may  open  directly. 

The  integument  of  the  penis  and  clitoris,  especially  that  of  the  glans, 
contains  numerous  special  nerve  end-organs  of  the  nature  of  end-bulbs 
(see  p.  191).  and  Pacinian  bodies  are  also  found  upon  the  nerves. 
Lymphatic  vessels  are  numerous  in  the  integument  of  the  organ  and 
also  in  the  submucous  tissue  of  the  urethra. 
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Fid.  479. — Tka.nsverse  section  of  gl.\ns  penis  of  ciin.i).  (Rotlifokl.) 


c.c,  eorpor.i  cavernosa  ■mp,  coitjus  spongiosum  ;  sp',  corpu.s  spongiosum  uretlu'a!,  witli.l  hp 
lumen  of  the  urethra  in  the  centre  appearing  a-s  an  irregular  slit  with  foliled  walls. 


Fio.  480.— Section  of  erectile  tlssue.  (Cadiat.) 

fl,  trabecnla!  of  connective  tissue,  with  elastic  fibres,  and  bundles  of  plain  nniscular 
tissue,  some  cut  across  (c) ;  b,  blood-sinusea. 
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Urethra. — The  cross-section  of  the  ui-ethi-a  appears  in  the  middle 
of  the  corpus  spongiosum  in  the  form  of  a  cleft  (fig.  479).    Tt  is  lined 


Fifi  48L— Section  through  the  orENiNo  of  the  dvct  or  a  (ii.anh  into 
THE  MALE  URETHRA.    (Licliteiiberg.  1 
«  L'laiul  •  m,  its  mouth  ;  n,  epithelium  of  utctlu-n.   Tlie  kIiju.I  is  similar  in  stnu-ture  to 
"'  ^  Co«V"r's  (lUuHls,  hilt  siuii-ler  in  eonfonnation.    Its  cells  are  uu.eus-secretu.fr. 

in  the  prostatic  part  by  transitional,  but  elsewhere  by  columnar 
epithelium,  except  near  its  orifice,  where  the  epithelium  is  stratified. 
In  the  female  urethra  the  epithelium  is  stratified  throughout.  The 


THE 
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epithelium  rests  upon  a  viiseular  mucous  membrane,  whicli  contains 
longitudinally  disposed  plain  muscular  iibres,  and  in  the  membranous 
urethra,  circularly  disposed  cross-striated  fibres.  Outside  the  mucous 
membrane  is  a  coating  of  submucous  tissue,  with  two  layers  of  plaiji 
muscular  fibre — an  inner  longitudinal  and  an  outer  circular.  Outside 
this  again  is  a  close  plexus  of  small  veins  which  is  connected  with,  and 
may  be  said  to  form  part  of,  the  corpus  spongiosum. 

The  mucous  membrane  of  the  urethra  is  beset  with  small  mucous 
glands,  simple  and  compound  {((lands  of  Littre).  There  are  also  a 
number  of  oblique  recesses  termed  laama:    Besides  these  small  glands 


Fic.  48'2. — Section  of  pkost.vtk.  (Heitzmann.) 
M,  iiiuseular  tissue ;  E,  eiiitheliuiii ;  C,  concretions. 


and  glandular  recesses,  two  compound  racemose  glands  open  into  the 
bulbous  portion  of  the  urethra  {Cowper'n  glands).  Their  acini  are  lined 
by  clear  columnar  cells  which  yield  a  mucus-like  secretion  (fig.  481). 

The  prostate,  which  surrounds  the  commencement  of  the  urethra,  is 
a  nniscular  and  glandular  mass,  the  glands  of  which  are  composed  of 
tubular  alveoli,  lined  by  columnar  epithelium,  with  smaller  cells  lying 
between  them  and  the  basement-membrane  (fig.  4S2).  Their  ducts 
open  upon  the  floor  of  the  urethra.  In  old  subjects  the  tubules  often 
contain  colloid  or  calcareous  concretions.  The  nmscular  tissue  is  (jf 
the  plain  variety. 

Blood-vessels  and  nerves  are  numerous.  The  nerves  are  provided 
with  small  ganglia  and  are  distributed  partly  to  the  muscular  tissue. 
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piii'fcly  to  the  glands,  and  others  (sensory)  to  the  capsule,  and  to  the 
wall  of  the  urethra.  The  sensory  nerves  end  in  plexuses  and  in  peculiar 
terminal  corpuscles  like  simple  Pacinian  bodies  (Timofeew). 

The  testicle  is  inclosed  by  a  strong  fibrous  capsule,  the  luni<-a 
albuginea  (figs.  4(S;3,  484).  This  is  covered  externally  with  a  layer  of 
serous  epithelium  reflected  from  the  luuiai,  viujlnalis.  From  its  inner 
surface  there  proceed  fibrous  processes  or  Irabecuke,  which  imperfectly 
subdivide  the  organ  into  lobules,  and   posteriorly  the   capsule  is 


Fill.  483.— yuCTION  OF  HUMAN  TESTIS  AND  El'IDIDYMIS,  SOMEWHAT  .MAG^•mEl). 

(Bohm  and  v.  Davidofif. ) 
a,  L'landular  substance  divided  into  lobules  by  septa  of  connective  tissue;     timicji  albu- 
irinea:  c,  head  of  epididymis;  d,  rete  testis;  e,  middle  part  or  bod.v  of  epidid^-nus :  .r. 
mediastiiuim  giving  origin  to  the  septa ;  g,  sections  of  the  commencing  Vas  deferens. 

prolonged  into  the  interior  of  the  gland  in  the  form  of  a  mass  of  fibrous 
tissue,  which  is  known  as  the  mediastinum  testis.  Attached  to  the 
posterior  margin  of  the  body  of  the  gland  is  a  mass  (epididymis)  which 
when  investigated  is  found  to  consist  of  a  single  convoluted  tube, 
receiving  at  its  upper  end  the  efferent  dnct><  of  the  testis  and  prolonged 
at  its  lower  end  into  a  thick-walled  muscular  tube,  the  vas  deferens, 
which  conducts  the  secretion  to  the  urethra. 

The  glandular  substance  of  the  testicle  is  wholly  made  up  of 
convoluted  tubules,  which  when  unravelled  are  of  very  considerable 
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leu"th  Eacli  coiniueiices  necar  the  tunica  albusinea,  and  after  many 
windings  terminates,  usually  after  joining  one  or  two  others,  in  a 
straight  tubule,  which  passes  into  the  mediastinum,  and  there  forms, 
by  uniting  with  the  other  straight  tubules,  a  network  of  intercom- 
municating vessels  of  varying  size,  which  is  known  as  the  rete  tentis 
(fig.  485).  From  the  rete  a  certain  number  of  efferent  tubules  arise, 
and  after  a  few  convolutions  pass  into  the  tube  of  the  epididymis. 

The  litmUjht  tubules  which  lead  from  the  convoluted  seminiferous 
tubes  into  the  rete  testis  are  lined  only  by  a  single  layer  of  clear 


Fit!.  -iSi. — Tk.\nsvekse  section  of  testicle  and  epididymis,  mas.  (Ebertli.) 

n,  tunica  albuginea;  «.f.,  seminiferous  tubules;  «,  trabeculco  dividing  the  gland  into 
lobules ;  0,  tunica  vaginalis ;  if,  cavity  of  tunica  vaginalis ;  m,  mediastinum  testis ; 
e.  epididymis;  c',  caput  epididymis;  v,  vas  deferens  (cut  four  times);  .ve.,  vasa 
efferentia. 

Hattened  or  cubical  epithelium.  The  tubules  of  the  )-ete  also  have  a 
simple  epithelial  lining ;  both  in  these  and  in  the  straight  tubules  the 
basement-membrane  is  absent,  the  epithelium  being  supported  directly 
hy  the  connective  tissue  of  the  mediastinum. 

The  efferent,  tubules  which  jmss  from  the  rete  to  the  epididymis  are 
lined  by  columnar  cihated  epithelium.  In  man  their  lumen  is  irregular 
in  section,  and  the  inner  surface  pitted  with  depressions  (intra-epithelial 
glands)  lined  by  short  clear  non-ciliated  cells  (J.  Schaffer).  The  tube 
of  the  ejndidymis  is  lined  by  long  columnar  cells  having  at  their  bases 
smaller  cubical  cells  with  spherical  nuclei  (fig.  486).    The  columnar  cells 
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are  provided  with  what  ajapear  to  be  bundles  of  cihuin-like  fibrils  pro- 
jectiug  into  tlie  lumen  of  the  tube.  These  apparent  cilia  are,  however, 
not  vibratile  as  was  formerly  supposed,  and  are  therefore  not  true  cilia 
(Neumann,  Myres-Ward).  They  appear  to  vary  in  development  in 
different  cells,  and  are  probably  connected  in  some  way  with  the 
formation  of  the  secretion  of  the  epididymis  and  its  extrusion  into 
the  lumen  of  the  tube.    The  epididymis  cells  exhibit  canaliculi  in 


Fll!.   485.— P.\SSA(JK  l)F  CONVOl-UTKD  SEMINIKKKOI'S  Tl'lil  l.KS   INTil  STl;\li:llT 
TUBULES  AND  OK  THESE  INTO  THE  KETE  TESTIS.     (MilialkowicZ. ) 

a,  SBininiferous  tubules  ;  h,  fibrous  stroma  continued  from  the  mediosliiuun  testis ; 

c,  retc  testis. 

their  cytoplasm,  which,  according  to  Holmgren,  conmjunicate  with  the 
exteriJr  at  the  attached  border  of  the  cell  (fig.  487).  The  tube  of 
the  epididymis  has  a  considerable  amount  of  plain  muscular  tissue  in 

its  wall  (fig.  486). 

The  vas  dp/erens  (fig.  488)  is  a  thick-walled  tube,  ft)rmed  of  an  outer 
layer  of  longitudinal  bundles  of  plain  nmscular  tissue,  and  within  this 
an  equally  thick  layer  of  circular  bundles  of  the  .same  tissue ;  within 
this  again  is  a  thi  nner  layer  of  longitudinal  muscle.    There  is  a  good  deal 
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of  connective  and  elastic  ti.ssue  between  tlie  muscular  bundles.  The 
tube  is  lined  by  a  mucous  membrane,  the  inner  surface  of  which  is 
covered  by  colunniar  non-ciliated  epithelium. 


Fli:.   4S(j.—  SkCTIKN  (IK  TIIK  Tl  l!K  llK  TUK   KIM  1)1  DV.M  IS.      (Hzj'IIlDllOwilrZ. ) 

Magnified  3011  (liiiineters. 
H,  lilooil-vussti ;  b,  circular  muscular  lilires ;  c,  c]>illiOliinM. 


Fic:.  4S7. — Cki.i.s  ok  kimdidvmis,  siiowim;  canai-isation  ok  tiik  cvtoi'I.asm. 

(K.  Holmgren.) 
71,  imcleuH.    Ill  two  cells  the  canals  extend  to  the  basement,  membrane. 

The  itmpulloi  of  the  vasa  deferentia,  and  the  vexicnld'  setniiKifea,  are  in 
structure  similar  to  the  vas  deferens,  but  their  corrugated  walls  arc 
much  thinner  and  less  muscular. 
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Intertubular  tissue.  -  The  connective  tissue  between  the  tubules  oi 
the  testis  is  generally  of  very  loose  texture,  and  contains  numerous 
lymphatic  clefts,  which  form  an  intercommunicating  system  of  com- 
mencing lymphatic  vessels.  Lying  in  this  intertubular  tissue  are 
strands  of  polyhedral  epithelium-like  cells  {interstitial  cells,  see  figs.  490, 
491)  of  a  yellowish  colour;  they  are  much  more  abundant  in  some 
species  of  animals  (cat,  boar)  than  in  others.  They  accompany  the 
blood-vessels  before  these  break  up  to  form  the  capillary  networks 
which  cover  the  walls  of  the  seminiferous  tubules. 


Fic.  488.— Seutu)N  across  the  commencement  of  the  v.\s  defekeks.  (Klein.) 

n,  epithelium;  6,  imicous  menibi-aiie  ;  c,  d,  e,  inner,  middle,  and  outer  lavei-s  of  thi- 
nnisuular  coat ;  bundles  of  the  internal  cremaster  nuiscle ;  g,  section  of  a  blood- 
vessel. 

The  interstitial  cells  contain  in  many  animals  yellowish-brown  fat- 
globules  (staining  with  osmic  acid),  and  also  sometimes  needle-shaped 
crystals  (proteid).  Similar  fatty  globules  may  ocour  in  the  Sertoli 
cells  of  the  seminiferous  tubules  (see  above),  and  have  been  thought 
to  be  derived  from  those  of  the  interstitial  tissue. 

Structure  of  the  tubules. — The  seminiferous  tubules  are  formed  of  a 
connective-tissue  membrane,  which  has  a  lamellar  structure.  The 
lamelhe  are  covered  by  flattened  cells;  fibres,  chiefly  elastic,  occupy 
the  substance  of  the  lamella.    In  the  adult  the  tubules  contain  several 
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layers  of  epithelium-cells.  But  in  the  testicle  of  the  child  there  is  no 
clear  distinction  into  layers,  the  cells  being  all  more  or  less  similar 
except  where  they  are  in  process  of  division  (tig.  -189).  Of  these  layers, 
the  one  next  to  the  basement-membrane  is  a  stratum  of  clear  cubical 
cells  (spermatogonia  or  spermogons,  figs.  490,  -191,  a),  the  nuclei  of  which 
for  the  most  part  exhibit  the  irregular  network  which  is  characteristic 
of  the  resting  condition,  but  in  certain  tubules  show  indications  of 
division.  Here  and  there  between  the  spermatogonia  some  of  the 
lining  epithelium-cells  are  enlarged,  and  project  between  the  more 
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Vu:.  489.— Skction  ok  a  tksip  ll  .m    \  !i-ykak  oi,]>  child.  (Spuiigaro.) 

«,  eiilartred  et-Ils  (speriiiatogonia),  some  of  thciii  (lividiiiir ;  several  contain  c-i-\  stals  (bulmr's 
erystals) ;  b,  cells  lininy  the  tubule  ;  c,  coagulated  contents  of  tubule  ;'  d,  interstitial 
tissue ;  e,  uiast-cells. 

interna!  layers,  being  connected  with  groups  of  developing  spermatozoa. 
These  enlarged  cells  are  the  celfs  of  Sertoli  (fig.  494,  «',  a  ;  fig.  497). 

Next  to  this  lining  epithelium  is  a  zone  of  larger  cells  {spermatocytes 
or  spermocytes,  fig.  494,  6),  the  nuclei  of  which  are  usually  in  some 
stage  of  hetero-  or  homo-typical  mitotic  division ;  these  cells  may  be 
two  or  three  deep  (as  in  a,  fig.  491).  Next  to  them,  and  most 
internal,  are  to  be  seen  in  some  tubules  (fig.  491,  h  and  c)  a  large 
number  of  small  protoplasmic  cells  with  simple  spherical  nuclei 
{spermatids  or  spermids,  fig.  494,  c).  In  other  tubules  the  spermatids 
are  elongated,  and  the  nucleus  is  at  one  end,  and  in  others  again  these 
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elongated  cells  are  converted  into  evident  spermatozoa,  wliicli  lie  in 
groups  :  their  heads  projecting  between  the  deeper  cells  and  connecteil 
with  one  of  the  Sertoli  cells  of  the  lining  epithelium,  and  their  tails 
emerging  into  the  lumen  of  the  tubule  (fig.  491,  6).  As  they  become 
matured  the)'  gradually  shift  altogether  towards  the  lumen,  where  they 
eventually  become  free  (c).    During  the  time  that  this  crop  of  sper- 
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Fig.  490. —Section  from  the  testicle  of  a  4-2-yeak  oi-u  man.  (Spangaio.) 
a,  interstitial  uells;  b,  some  containing  pigment;  c,  nnclei  of  oidinary  eonneetivc-tissnc 
cells  •  d,  nin^t-cell.    In  the  section  of  the  tulnile  may  he  seen  m  succession  ft  on. 
without  in,  spermatogonia,  spermatocytes,  spermaticls,  and  spernrntozoa.    A  le« 
spermatids  and  spermatozoa  are  detached  and  oecupj'  the  middle  of  the  tuhnle. 

matozoa  has  been  forming,  another  set  of  spermocytes  has  l)een 
produced  by  the  division  of  the  spermogonia,  and  on  the  discharge 
of  the  spermatozoa  the  process  is  repeated  as  before  (see  diagram, 
fig.  494). 

The  spermatozoa.— Each  spermatozoon  or  sperm  consists  of  three 
parts,  a  head,  a  nddde  part  or  hody,  and  a  long  tapering  and  vibrating 
tail  (fig.  492).  In  man  the  head  is  of  a  flattened  oval  shape,  somewhat 
more  fl"attened  anteriorly  ;  in  .some  animals  it  bears  a  small  barb-like 
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projection  at  its  extremity,  but  this  appears  to  be  absent  in  the  human 
spermatozoon.  The  apical  part  is  covered  by  a  cap  of  a  somewhat 
difterent  appearance  from  the  rest— the  headwp.  The  midde-piece  is  in 
man  short  and  cylindrical,  and  has  a  spiral  fibre  passing  round  it.  An 
axial  fibre,  itself  fibrillated,  passes  from  a  knob  close  to  the  head  right 
through  the  body  and  tail.  The  tail  is  the  longest  part  of  the  sper- 
matozoon, and  when  examined  with  the  microscope  in  the  fresh 
condition  is  seen  to  be  in  continual  vibratile  motion,  the  action 
resembling  that  of  a  cilium.    The  extremity  of  the  tail  (end-jnece) 


Fic.  491.  Fi(i.  492. 


Fig.  491. — Section  of  parts  of  three  seminiferous  tit.ui.es  of  the  rat. 

ff,  with  tlie  spermatozoa  lea-st  advanced  in  development ;  h,  more  advanced  ;  c,  eontaininfr 
fully  developed  spermatozoa.  Between  the  tuuules  are  seen  strands  of  interstitial  cells 
with  hloort-veasels  and  Ijniiph-spaces. 

Fici.  492. — Hitman  spermatozoa.    J-P,"—-    (G-  Retzius. ) 
1,  in  profile  :  "2,  viewed  on  the  flat ;  !»,  head ;  e,  middle-pieoc  ;  rf,  tail ;  e,  end-jiiece  of  the 
tail,  which  is  described  as  a  distinct  part  by  Retzius. 

forms  a  distinct  part  of  the  spermatozoon,  and  in  some  animals  may 
split  into  two  or  three  fibrils  ;  these  can  also  sometimes  be  traced  along 
the  whole  length  of  the  tail.     Human  spermatozoa  are  about  0"05  mm. 

inch)  long,  the  head  and  middle-piece  each  measuring  about  'njth 
of  this  amount. 

In  different  animals  the  shape  of  the  head  and  the  extent  of  middle- 
piece  and  tail  vary  greatly  (fig.  493).  In  the  rat  (fig.  495,  7)  the  head 
is  long,  and  is  recurved  anteriorly ;  it  is  set  obliquely  on  the  middle- 
piece,  which  is  also  of  considerable  extent,  and  which  has  a  closely 
wound  spiral  filament  encircling  it  (H.  H.  Brown).  In  the  newt  the 
head  is  long  and  tapering,  and  the  tail  has  a  membranous  expansion. 
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attached  in  a  spiral  manner  along  its  wliole  length.  Tiiis  hasal.so  been 
described  in  the  liuman  .spermatozoon,  but  its  existence  liere  is  doubtful. 
In  decapods,  which  possess  no  cilia,  the  spermatozoa  are  stellate  and 
motionless  (fig.  493,  /) ;  in  nematoid  worms  they  are  amceboid  (fig.  493,  k). 
Sometimes  two  distinct  kinds  of  spermatozoa  are  met  with  in  the  same 
species  of  animal,  one  kind  being  far  the  larger  in  size  (giant  sperma- 
tozoa) but  much  less  numerous.  Such  giant  sperrhatozoa  have  .been 
observed  in  man. 

Although  the  tail  of  the  spermatozoon  is  usually  classed  with  cilia, 
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Fig.  493. — Different  forms  of  .sperm atozo.a.    (From  Venvnrn. ) 

n,  of  l)at ;  6,  c,  of  fi'Og  ;  rf,  of  finch  ;  c,  of  ram  ;  /,  rj,  of  boar  ;  A,  of  a  jelly-fish  ; 
of  a  monkey  ;  I,  of  crab  :     of  ronnd-worm. 


it  exhibits  far  greater  complexity  of  structure  and  is 
a  much  more  highly  differentiated  .structure.  Spermatozoa 
also  differ  from  cilia  in  being  highly  resistant  to  putrefaction 
and  to  chemical  reagents,  even  including  the  strongest  acids 
and  alkalies. 

Spermogenesis. — The  spermatozoa  are  developed  from  the  small 
cells  (spermatids)  which  form  the  innermost  stratum  of  the  seminal 
epithelium,  and  these  are  themselves  produced  by  the  division  of 
the  lai'ge  spermocyteS  of  the  second  layer.  It  is  probable  that  fresh 
.spermocytes  are  formed  by  division  of  some  of  the  lining  epithelium- 
cells  or  spermogons.  The  cycle  of  changes  therefore  which  takes  place 
is  as  follows:  1.  Division  of  a  lining  epithelium-cell  or  spermogon 
into  two,  one  of  which  grows  larger  ("growing  cells"  of  H.  H.  Brown), 
becomes  a  spermocyte,  and  passes  into  the  second  layer,  wliile  the 
other  remains  in  the  first  layer.  2.  Division  of  the  spermocyte. 
3.  Further  division  of  the  daughter-spermocj'^tes  thus  produced.  Tiie 
four  cells  (spermatids)  which  result  from  this  double  division  posse.ss 
only  one-half  the  somatic  number  of  chi'omosomes  in  tlieir  nuclei. 
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It!.  494.— Diagram  exiiibitinc  the  cyclk  of  phases  of  .spekmooenests 

(eat). 

,  lining  epitlicliinn-cells  or  spenuiitogonia,  seen  dividing  in  (i ;  a',  a",  Sertoli  cells ; 
b,  spennatocvtes,  with  skein-like  nuclear  filaments.  Tlie.se  cells  are  seen  aetlvel.^■ 
dividing  in  5"  c,  spermatids,  forming  an  irregidar  column  or  clump  in  ti,  7,  S,  and  1, 
and  connected  to  an  enlarged  Sertoli  cell,  a',  of  the  lining  epitlielinni  in  2,  3,  4, 
and  ."i.  In  (!,  7,  and  8  advanced  spermatozoa  of  one  cro])  are  seen  between  columns 
of  sjiermatids  of  the  next  cro|).  «',  parts  of  the  s))crmatid!i  which  disappear  when 
the  s|)ermatozoa  are  fully  formed:  s,  seminal  granules. 


Fig.  495.— SrEKMATozoA  from  the  rat  is  different  stages  of 
development.    (H.  H.  Brown.) 

l-C,  deveIoi)ing  sijennatozoa  from  the  testicles  ;  7,  a  mature  spermatozoon  from  the  vas 
deferens.  The  remains  of  the  protoplasm  of  the  cell,  which  is  seen  in  (i,  still  adhering 
to  the  middle-piece  of  tlie  sjiermatozoon  anfl  containing  a  mnnl)er  of  chromatin 
granules,  appears  to  be  thrown  off  as  the  si)ermatozo()n  matures. 
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"  luductiun  "  having  been  ett'ected  in  the  final  cell-divisions  hy  whicli  tlie 
spermatids  are  produced  (see  p.  17).  4.  Elongation  of  the  .spermatids 
and  their  gradual  conversion  into  spermatozoa.  As  they  undergo  this 
conversion  their  grouping  becomes  more  evident,  and  each  group  is 
found  to  be  connected  with  a  cell  of  Sertoli  (figs.  494,  a,  497), 
which  probably  ministers  to  their  nutrition.  This  cell  undergoes  a 
gradual  process  of  elongation,  so  that  the  spermatozoa  by  the  time 
they  are  fully  developed  are  brought  to  the  lumen  of  the  tube, 
in  which  they  then  become  free.    In  the  meantime  otlier  alternate 


Fifi.  496. — Chances  in  the  sperm.atids  in  the  cotir.se  of  formation  of 

THE  SPERMATOZOA.      (NieSSiug. ) 

The  tail  filament  is  seen  (in  a  and  e)  to  extend  from  I  lie  ceiitrosome,  which  lie.s  clase  Itt  the 
nucleus.  The  head-cap  (shown  in  c)  is  produced  by  a  transforniation  of  jiart  of  the 
archoplasm  which  becomes  vacuolated  (6,  c,  ri). 

groups  of  spermatids  from  wliich  the  next  crop  of  spermatozoa  will 
be  derived  are  being  formed  in  the  same  manner,  passing  through 
the  same  cycle  of  changes.  So  that  in  a  longitudinal  section  even 
of  the  same  tubule  difierent  phases  of  development  may  be  observed, 
and  in  different  tubules  of  the  same  testicle  every  phase  may  be 
traced.  The  accompanying  diagram  (fig.  494),  which  is  constructed 
from  drawings  by  H.  H.  Brown,  illustrates  the  cycle  of  changes 
above  described  ;  it  is  divided  into  eight  parts,  each  of  which  shows 
the  condition  of  the  epitliplium  of  a  seminiferous  tubule  at  a 
particular  stage. 
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Eacli  spermatid  becomes  converted  into  a  spermatozoon  in  the 
following  manner  (figs.  495,  496).  The  nucleus  forms  the  chief  part  of  the 
head,  while  the  tail  develops  as  an  outgrowth  of  the  centrosome  and  cyto- 
plasm. The  tail-filament  appears  within  the  protoplasm,  growing  out 
from  the  centriole  of  the  cell^  which  lies  close  to  the  nucleus  (fig.  490). 
The  centriole  is  double,  and  one  of  its  two 
particles  forms  an  annular  expansion  or  ring 
which,  as  development  proceeds,  moves  down 
the  tail-filament  until  it  reaches  the  place 
where  this  leaves  the  cytoplasm :  here  it 
ultimately  forms  the  limit  of  the  body  or 
middle-piece  of  the  spermatozoon.  The 
archoplasm  (see  p.  9)  assists  in  forming  the 
head  of  the  spermatozoon  ;  a  portion  (the 
idiozume  of  Meves)  at  an  early  stage  sepa- 
rates from  the  rest,  lying  apically  to  the 
nucleus.  Within  this  portion  vacuoles  form 
(fig.  496,  b,  c,  d)  which  presently  run  to- 
gethei-  into  a  clear  non-.stainable  globule 
which  flattens  out  over  the  nucleus  and 
forms  (fig.  496,  e)  the  head  cap  of  the 
spermatozoon  ;  as  development  proceeds 
this  may  become  indistinguishable  from  the 
i-est  of  the  head.  The  spiral  fibre  of  the 
middle-piece  is  developed  from  mitochondria 
in  the  spermatid  (Benda)  (fig.  7,  p.  6). 

A  portion  of  the  protoplasm  of  each 
spermatid  containing  a  number  of  chromatin- 
particles  (seminal  granules)  becomes  detached 
and  disintegrated  before  the  spermatozoon 
is  fully  matured  (fig.  494,  s,  s). 

A  few  spermocytes  undergo  incomplete  division,  and  the  resulting 
spermatids  are  large  (giant  .spermatids)  and  contain  either  one  large 
nucleus  or  two  or  more  nuclei  which  ultimately  blend  to  form  the 
head  of  the  spermatozoon.  In  these  cases  there  are  a  corre.sponding 
number  of  centimome.s,  from  each  of  which  a  tail-filament  may  become 
fleveloped. 


Fll!.  497.  — A  CELL  OF  SERTOLI 
WITH  WHICH  THE  SPERMA- 
TIDS (three  of  which  are 

SHOWN)  ARE  HEOINNINO  TO 
BE     CO.N'NECTED  :  HUMAN. 

(Bramman.) 
Tlie  cell  pontains  firlolniles  (of 
nutritive  substance)  staiTiin^' 
witli  osniic  acid,  and  siinilar 
liut  smaller  tflobules  are  also 
seen  in  the  s])erniati(l.s.  The 
"riiifi"  formed  around  the  tail 
filament  l>y  one  of  the  particles 
of  the  centrosome  (see  text)  is 
shown  in  each  of  these  spenuaticis 
close  to  the  "  head." 
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LESSON  XXXVIII. 
GENERATIVE  ORGANS  OF  THE  FEMALE. 

\.  Sections  of  tlie  ovary  of  tlie  non-pregnant  rabbit  or  cat.  (If  fi'oin  a 
pregnant  animal  the  organ  may  Ije  largely  occupied  by  luteal  tissue.) 
Study  the  section.s  with  a  low  power,  obsei'ving  the  small  and  large 
Graatiau  follicles,  each  inclosing  an  ovum,  scattered  through  the  stroma. 
Measure  some  Graafian  follicles  of  ditlerent  sizes  ;  make  a  general  sketch 
of  a  section  under  the  low  power.  Then  .sketch  cai'efully  two  or  more  of 
the  follicles  with  their  contents  under  a  high  power. 

2.  Section  across  the  Fallopian  tube.  Sketch  a  section  under  the  low 
]30wer. 

3.  Section  across  the  body  of  the  uterus,  or  across  a  cornu  of  a  Ijicorned 
uterus.  Observe  with  the  naked  eye  the  thickness  of  the  muscular  and 
mucous  coats  respectively.  Notice  the  (ciliated)  columnar  epithelium  lining 
the  organ  and  extending  into  the  glands  of  the  mucous  memlii-ane.  Draw 
a  part  of  a  section  under  the  low  power. 

4.  Section  of  the  placenta.  Notice  the  venous  spaces  occupied  l>y 
blood-corpuscles,  and  within  the  .spaces  sections  of  the  fnetal 

o.  Sections  of  the  nnicous  membrane  of  the  vagina.  Notice  the  stratified 
scaly  epithelium  which  lines  it  and  which  is  continued  over  the  projecting 
part  of  the  os  uteri. 

6.  Take  the  fresh  ovary  of  a  recently  killed  animal  and  with  a  needle  or 
fine  scalpel-point  prick  one  of  the  largest  and  most  prominent  of  the  Graafian 
follicles.  The  organ  must  be  held  just  over  a  slide  so  that  on  pricking  the 
follicle  the  fluid  contents  may  spurt  out  on  to  the  glass.  Examine  the  di'op 
of  liquor  foUiculi  with  a  low  power  for  the  escaped  ovum,  which  will  be 
surrounded  by  follicular  cells.  When  found  place  a  piece  of  hair  in  the 
drop,  cover  with  covei'-glass  and  examine  with  high  power. 


THE  OVAin'. 

The  ovary  i.s  a  small  solid  organ,  composed  of  a  stroma  of  fibrou.s 
tissue,  witli  many  spindle-shaped  cells,  and  also  containing,  near  its 
attachment  to  the  broad  ligament,  a  large  number  of  plain  muscular 
fibres.  It  is  covered  by  a  layer  of  small  columnar  epithelium-cells 
{germinal  epiihehnm,  fig.  499,  a),  between  which  may  here  and  there 
be  seen  a  few  larger  spheroidal  cells,  with  large  round  nuclei.  In 
the  young  subject  the  e[)ithelinm  occasionally  dips  down  into  the 
.subjacent  stroma. 

The  .stroma  is  beset  with  vesicles  of  difierent  sizes,  the  smallest 
being  neai-  the  surface  of  the  organ,  the  larger  ones  placed  m«>r(^ 
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deeply  in  the  stroma,  altliougli,  as  they  increase  in  si/e,  tliey  extend 
towards  the  surface  (fig.  498). 

Tliese  vesicles  are  the  Graafian  follicles.  Each  Graafian  follicle  has 
a  proper  wall  {thcca  follicnli)  formed  of  a  layer  derived  from  the  stroma, 
and  a  special  inner  layer  containing  lai-ge  cells:  both  are  highly 
vascular.  Each  follicle  contains  an  ovum  and  epithelium.  In  the 
smallest  follicles  the  ovum  is  small,  and  the  epithelium  of  the  follicle 
is  formed  of  a  single  layer  of  cells  which  may  be  flattened  against 
the  ovum  (fig.  500).  In  somewhat  larger  follicles  the  epithelium-cells 
are  in  two  layers,  and  these  are  columnar  in  shape  (fig.  502,  e).  In 
still  larger  ones,  each  of  these  two  layers  is  formed  of  several  strata  of 


Fio.  498. — .Sec'tkin  of  the  ovary  or  thk  cat.  (Schron.) 

7,  outer  covei-ing'  and  free  border  of  the  ovarv  ;  .ittached  border ;  i,  the  central  ovarian 
stroma,  showinpr  a  fibrovis  and  vascular  structure;  peripheral  stroma;  4,  blood- 
ves.sels ;  .),  Graafian  follicles  in  their  earliest  staj^es  lyinj;  near  the  surface  ;  C,  ~,  8,  more 
advanced  follicles  which  are  embedded  more  deeply  in  the  stroma  ;  9,  an  almost  mature 
follicle  containing  the  ovum  in  its  deepest  part ;  f ',  a  follicle  from  which  the  nvum  has 
fallen  out  in  preparinj^  the  section  ;  10,  corpus  lutetnu. 

cells,  and  fluid  has  begun  to  collect  between  the  layers  at  one  part.  Of 
the  two  layers,  the  one  which  lines  the  cavity  of  the  follicle  is  termed 
the  memhrana  granido.ta,  while  the  mass  of  cells  which  more  immediatelj' 
surrounds  the  ovum  is  known  as  the  cumulus  or  discus  prolif/erus. 

In  the  largest  follicles  the  fluid  has  much  increased  in  amount,  .so 
that  the  follicle  has  become  gradually  larger  and  more  tense.  Finally 
it  reaches  the  surface  of  the  ovary,  and  projects  from  the  surface, 
where  it  eventually  bursts,  and  the  liquor  folliculi,  with  its  contained 
ovum,  is  set  free.  This  event  is  believed  to  occur  usually  at  some  time 
during  menstruation. 

Some  of  the  Graafian  follicles  do  not  burst,  but,  after  attaining  a 
certain  stage  of  maturity,  undergo  a  process  of  retrograde  metamor- 
phosis and  eventually  disappear. 
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The  ovarian  ova  or  oocytes  are  large  spherical  cells  (fig.  503), 
about  0-2  mm.  {jl-g  inch)  in  diameter.  Wiien  fully  formed,  as  in  the 
largest  Graafian  follicles,  each  ovum  is  suri'oiinded  by  a  thick  trans- 


Fii!.  499. — Section  ok  the  ovary  of  .\n  adult  iutcii.  (Waldeyer.) 
n,  },'enii-eiiitheliuni ;  li,  remains  of  eiftf-tulii's  ;  c,  small  follii-les  ;  rf,  move  .Klvaiioed  follicle : 
e,  discus  prolifjenis  and  ovum  ;  /,  second  ov\im  in  the  same  follicle  (this  occurs  but. 
rarelv)-  r/,  outer  tunic  of  the  follicle;  A,  inner  tunic;  i,  menibrana  trraimlosji ;  k. 
collapsed  retrog-raded  follicle;  I,  blood-vessels;  m.  m,  lonffitudinal  and  transverse 
sections  of  tubes  of  the  iiarovariuni ;  ?/,  in\  ohited  jiortion  of  tlie  frerni-eiiithclnmi 
of  the  surface;  z,  place  of  the  transition  from  periloneal  to  ^0™"""'  or  ovarian 
eiiithelium. 

parent  membrane  {zona  jjellucida).  Witliin  this  is  the  proUipIasm  of 
the  oocyte  (vilelhis),  filled  with  fatty  and  albuminous  granules  (yolk 
granules).  Lying  in  the  vitellus,  generally  eccentrically,  is  the  large 
clear  round  nucleus  {<]enninal  ve.ncfe),  which  may  show  an  intranuclear 
network,  and  invariably  has  a  well-marked  nucleolus  ((;prmhiiil  s/,n/), 
sometimes  more  than  one. 
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Oogenesis.— l^utli  tlie  ova  and  the  epitlieliuiii  of  tlio  (JraaHan  follicles 
i-igiiiate  from  the  germinal  epithelium  of  the  embryo.    This  forms  at 


Pi,;.  oOU.— fSliCTION  OK  I'AKT  OK  HUMAN  OVAKV  SllOWINi;  SMAJ^L  OKAAKIAN 
FOLLICLKS  IMIUCDDED  IN  A   KIBRO-CKIJA'LAK  STKOMA.  (SuUheilll.) 


Fu:.  501.— A  MODEKATKl.V  LARI:K  (IRAAKIAN  KOIJ.ICI.K  FROM  TIIK  HUMAN 
OVARV,  SIlOWINi:  OVUM  SURROUNIlUr)  BY  "  IJISCUS  PROLIOERUS "  ANIl 
WALL  OF  FOLLICLE  LINED  I!Y  "  MEMHKANA  ORASULOSA."  BETWEEN  TIIEM 
IS  AN  ACCUMULATION  OK  LIQUOR  FOLLICULL  (Sellheim.) 

first  a  simple  layer  covering  the  stroma,  but  later  becomes  thickened 
and  multiple.  After  a  time  rounded  cords  of  epithelium-cells  {egtj- 
lubes  of  Pflliger ;  fig.  502,  a)  grow  down  into  the  stroma,  whilst  this 
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!it  the  same  time  grow.s  into  the  epithelium.  The  cordn  presentlj' 
become  broken  up  by  ingrowthb  of  stroma  into  small  isolated  nests  of 


FlC.   r)U2.  FllUIKES  BHOWlNi:  VARU)t'S  STACKS   IN  TUK  UKVKborMENT  OF  THK 

(iRA.UfJAN  KOLLICJ^ES  OF  THK  KABIUT. 

A,  from  oviii'v  (if  vmini,'  i-.ibliit.  slio\v)ii(r  "  (.■f^jr-Uihes  "  of  I'tfiiK^'i' t-'™"  '"K  i"  fr"'"  K'<-'''";'":>' 
cpitlieliiim  :  soiiieOf  tliu  tiiljes  lontaiti  iH-iinitivu  cnn  :  ii,  iii-iiiiitivu  Cra.-ifiiiii  follick-s 
fdi-nied  frcim  tlie  lireakiiit'  "1>  "t  ii"  f(,'tr-Ui1if  :  c,  a  youxtfr  (iraafi.iii  follii-lc,  witli  a 
sint'le  layer  of  follii^le-epillicliuin  :  i),  a  soincwliat.  older  follicle,  with  tlic  second  liiyer 
forniintr 'within  the  first :  K,  a  more  advanced  follicle,  showing  two  complete  layers  of 
columnar  epitheliimi  sin-roMiidint!-  the  ovum  within  the  follicle. 

epitheHum-cells,  each  of  which  may  represent  a  Graafian  follicle. 
To  form  tlie  ova,  some  of  the  cells  become  enlarged  (primitive  ova), 
and  usually  there  is  one  such  enlarged  cell  in  each  of  the  isolated 
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iiests.  The  remaining  cells  form  the  epithelium  of  the  follicle  (see 
tig.  502,  B,  c).  It  is  stated  that  the  protoplasm  of  the  ovum  remains 
connected  with  the  cells  of  the  discus  proligerus  by  fine  processes 
which  pass  through  pores  in  the  zona  pelhicida,  and  on  the  other 


Fit!.  o03.— Human  ovum;  iiiuhly  maunifikd.  (VValdeyer.) 
Tliu  zona  pellucicia  is  surrounded  by  cells  of  the  discus  proligerus,  wliicli  are  adherent  to  it. 

hand,  the  epithelium-cells  of  the  follicle  are  themselves  inter-connected 
b)'  protoplasmic  bridges,  so  that  the  whole  forms  a  kind  of  syncytium. 

The  stroma  of  the  ovary  contains,  besides  the  spindle-shaped  con- 
nective-tissue cells  and  plain  muscular  fibres  already  mentioned,  a 
number  of  epithelium-like  interstilial  cells.  Some  of  these  are  derived 
from  the  germinal    epithelium,  and  appear  capable  of  developing 
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iubu  ova  and  follicle  epithelium-cells  (Jjane-CJlaypon)  ;  others  have 
originated  from  cells  of  curpura  lulm.  These  last  are  large  yellow 
nodules  which  are  developed  out  of  the  Graafian  follicles  after  the 
ova  have  been  extruded  (figs.  504,  505).  They  consist  of  columns  of 
large  yellowish  cells  {luteal  cell,t<),  with  intervening  trabecuhe  of  vascular 
fibrous  tissue,  which  converge  to  a  central  strand  of  connective  tissue 
occupying  the  axis  of  the  nodule  (fig.  505).    The  columns  of  cells 


A 


Fin.  504. — TuKEK  stages  ix  tiik  kok- 

MATION  OF  TIIK  COKPl'S  LUTEU.M  IN 
THE  MOUSE.  (Sobotta.) 

A.  Tlif  follknilar  epitlieliuiii,  fc,  is  lijpcr- 
tropliied,  and  vascular  processes,  a,  of  the 
theoa,  th,  or  wall  of  the  follicle  are  tTomiig 
into  it. 

IJ.  The  epillielial  mass  is  now  sulidivitleil 
into  lobule-like  masses,  I,  of  luteal  cells  h\ 
the  thecal  ingrowths;  c,  epitheli\nn  of 
surface  of  ovary. 

V.  There  are  now  ver>  numerous  thecal 
septa  or  traliecula>,  aiul  the  colunnis  of 
luteal  cells  are  much  narrower.  A  central 
cavity  is  still  seen. 


arc  not  unlike  tiiose  of  the  cortex  of  the  suprarenal  capsule.  The 
corpus  luteuni  is  derived  from  the  wall— probably  in  the  main  from 
the  epithelium— of  the  follicle,  which  becomes  thickened  and  folded 
by  multiplication  and  hypertrophy  of  its  cells;  between  the  folds 
connective  ti.ssue  and  blood-vessels  grow  in  from  the  theca  towards 
the  centre  of  the  follicle;  in  this  way  the  columnar  arrangement 
above  mentioned  is  produced.    After  per.sisting  for  a  time  the  corpus 
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luteura  gradually  disappears,  its  tissue  becoming  merged  in  the 
surrounding  stroma.  Corpora  lutea  grow  much  larger  and  remain 
much  longer  persistent  in  the  event  of  pregnancy  supervening. 

The  use  of  the  corpus  hiteuin  is  not  known  certainly,  but  it  has 
been  s«--estecl  that  it  inav  yield  an  internal  secretion,  the  effect  of  whicli 

to  Induce  the  fixation  of  the  fertilised  ovum  in  the  uterine  niuoous 
luembrane  (Born).  In  confinnation  of  this,  experiments  seem  to  indicate 
U  testation  does  not  supervene  in  animals  ^^d,ose  corpora  In  ea  have  been 
destroved(Fraenkel  and  Cohn),  or  from  which  the  ovaries  have  been  removed 
during  the  Hist  stages  <,f  pregnancy  (Mar.shall  and  Jolly). 


Fid.  iiOS.— Corpus  lutkum  of  mouse.  (Sobotta.) 

This  figure  shows  a  more  advanced  stage  of  development,  the  luteal  tissue  being 
vascularised  and  the  centnal  cavity  obliterated. 

The  blood-vessels  of  the  ovary  are  very  large  and  numerous,  and  are 
especially  distributed  to  the  walls  of  the  Graafian  follicles,  over  which  they 
form  a  close  network. 


THE  FALT-OriAN  TUHES  AND  UTEHUS. 

The  Fallopian  tubes  are  lined  by  a  very  vascular  mucous  membrane 
which  is  covered  with  ciliated  epithelium,  and  has  numerous  longi 
tudinal  folds  (fig.  506).  Externally  they  are  covered  by  a  serous 
coat,  within  which  is  a  thin  longitudinal  stratum  of  plain  muscular 
fibres  overlying  circular  fibres  of  the  same  tissue,  but  these  layers  are 
not  distinctly  marked  oS  from  one  another. 
26 
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The  human  uterus  is  composed  of  two  parts,  the  body  and  cervix. 
The  body  of  the  uterus  is  formed  of  tlie  following  layers  : 

1.  A  serous  layer,  derived  from  the  peritoneum,  which  covers  tlie 
greater  part  of  the  fundus. 

2.  A  muscular  layer,  which  is  of  considerable  thickness  and  is  formed 
of  plain  muscular  fibres  disposed  in  three,  more  or  less  blended,  strata. 
Of  these  the  outer  has  its  fibres  arranged  partly  longitudinally,  partly 
circularly.  The  middle  muscular  layer,  on  the  other  hand,  is  thick  ; 
its  fibres  run  in  diff"erent  directions,  and  it  contains  the  I'amifications 
of  the  larger  blood-vesselp.  The  inner  layer,  again,  is  thinnei-  and 
has  both  longitudinal  and  circular  fibres,  7nany  of  the  latter  being 


Fic.  ')06. — Skction  across  the  fali.opi.\n  tuise.  (l)iagrainnintic.) 

prolonged  internally  into  the  deeper  part  of  the  mucous  membrane : 
the  extremities  of  the  uterine  glands  extend  between  and  amongst 
its  fibres. 

3.  A  mucous  membrane,  which  is  very  thick  and  is  composed  of  soft 
connective  tissue  containing  a  large  number  of  spindle-shaped  cells.  It 
is  lined  by  ciliated  epithelium  and  contains  long,  simple,  tubulai' 
glands,  which  take  a  curved  or  convoluted  course  in  passing  through 
the  membrane  (fig.  508).  Their  (ciliated)  epithelium  is  continuous  with 
that  which  covers  the  inner  surface  of  the  mucous  membrane.  In  the 
cervix  the  mucous  membrane  is  marked  by  longitudinal  and  oblique 
ridges,  and  the  glands  are  shorter  but  more  complex  than  those  of  the 
body  of  the  uterus,  and  are  lined  by  columnar  mucus-secreting 
cells.    Near  the  os  uteri  the  epithelium  becomes  non-ciliated  columnnr, 


THE  UTERUS. 


Fic.  507.— Seciios  of  mucous  mkmbkane  of  hum.vn  uterus  during  menstrua- 
tion, SHOWING  masses  OF  IILOOC  WIIICH  HAS  ESCAPED  FROM  RUPTURED 
capillaries  INTO  THE  INTERGLANDULAR  TISSUE,  AND  HAS  AT  ONE  PLACE  (#) 
BROKEN  THROUGH  THE  SURFACE  EPITHELIUM.  (Sellheini.) 
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luid  at  the  margin  of  tlie  os  uteri  tliis  passes  into  a  stratified  epithelium 
which  overlies  vascular  papilhe  of  the  corium.    The  mucous  membrane 

is  very  vascular,  and  it  also  contains  a  large 
number  of  lymph-vessels. 

In  many  animals  the  uterus  is  composed  of 
two  long  tubes  (cornua  uteri) :  the  arrangement 
of  the  muscular  tissue  in  these  is  simpler  than 
in  the  human  uterus,  which  has  been  formed 
by  the  fusion  of  two  such  tubes.  Fig.  .508 
exhibits  the  structure  of  a  cornu  of  the  uterus 
of  the  rabbit. 

At  each  menstrual  period  the  mucous 
membrane  of  the  uterus  undergoes  a  partial 
process  of  disintegration  accompanied  by  an 
escape  of  blood  from  the  capillaries  of  the 
membrane  (fig.  507).  This  is  succeeded  by 
a  rapid  renewal  of  the  disintegrated  part. 
Should  pregnancy  supervene,  the  process  of 
renewal  results  in  the  formation  over  certain 
parts  of  a  greatly  thickened  mucous  mem- 
brane, with  long  convoluted  glands,  which  is 
then  known  as  the  decidua.  The  muscular 
layer  also  becomes  enormously  hypertrophied, 
this  hypertrophy  being  produced  by  the 
enlargement  of  the  individual  muscle  cells 
(fig.  509). 

Structure  of  the  placenta.  —  When  the 
developing  ovum'  reaches  the  uterus  it  becomes 
imbedded  in  the  thickened  mucous  membrane 
(decidua),  and  processes  (fretal  ^^lli),  formed  at 
first  entirely  of  epithelial  cells,  partly  distinct, 
partly  conjoined  into  a  syncytium,  grow  out 
into  the  decidua  from  the  chorion  which  forms 
the  external  covering  of  the  ovum  (fig.  510). 
Later  vascular  mesoderm  from  the  chorion  penetrates  everywhere 
into  the  villi  bringing  blood  from  the  umbilical  vessels.  In  the 
meantime  large  blood  sinuses  become  formed  in  the  decidua,  and 
into  these  the  maternal  blood  is  poured  by  small^  spiral  arteries, 
and  is  taken  away  by  corresp(jnding  veins.  The  fd'tal  villi  are 
therefore  bathed  in  ma-lernal  arterial  blood  within  the  sinuses  of  the 
decidua  (fig.  511),  into  which  for  the  most  part  they  hang  free, 
although  some  are  attached  to  the  wall  of  the  decidtui  and  others 


Fig.   oOf).  —  Mttsculae 

FIBRES  (a)  FROM  NON- 
PREGNANT, (6)  FEOM 
PREGNANT  UTERUS, 
DRAWN  TO  THE  SAME 

SCALE.  (Sellheini.) 


FlC.  510.  -JJlAUKA.M  TV  ILI.USTKATH  TUK  JMliUUDINll  OF  TIIH  OVUM  IN  THE 
OKCIDl'A  AND  THE  KIKST  FORMATION'  OF  THE  RETAL  VILLI  IN  THE  FOKM 
OF  A  SYNCYTIAL  TKOPIIOIJLAST  (l)EKIVED  FKOIM  THE  OUTEK  LAYER  OF 
THE    ovum)     WHICH    IS    ISVADIKO     SINVS-LIKE     BLOOD-SPACES     IN  THE 

DECIDUA.    (T.  H.  Bryoe.) 


Ill.r.  ■<!/'  h  till-.  iil.r.  SI/' 

Fill.  31  I.— UiA<;KAM  of  a  KIKTUER  STA(;E  IN  THE  FORMATION  OK  THE 
PLACKNTA,  SHOWINf!  THE  FCETAL  VILLI  WITHIN  THE  BLOOU-SPACES  OF  THE 
PLA(;ENTA  AND  PARTLY  ATTACHED  TO  THE  DECIDUAL  WALL.     (T.  H.  BryCe. ) 

The  villi  are  now  ocfupietl  bv  ii  core  of  vascular  iiicsoderm.  They  are  covered  by  a 
sync-ytiimi  (continued  over  the  deeidiia),  within  wliicli  is  a  layer  of  epithelium  cells, 
/c,  fiBtal  vessels;  ni.i).,  maternal  vessels;  in,  me.soderm  of  chorion;  n,  a  villus  cut 
across  ;  h,  attachment  of  a  villus ;  syncytial  coverini;  to  villi  continued  at  sy'  on  to 
decidua ;  ep,  epithelial  layer  under  syncytium. 
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Frci.  ol'i.— Section  ok  a  I'Lacenta  at  time.    (T.  H.  Bryce.)  From 

a  preparation  by  J.  H.  Teacher. 
One  01'  two  of  the  villi  show  fibrinous  degeneration.    Kor  tlie  sake  of  distinction  tlie  fictal 
Ijlood-corpusoles  are  represented  as  solid  dots,  the  maternal  as  circles. 


Fi(f.  013.— Beotiok  of  a  villus  kko.m  .\  placknta  at  tiil  sevkntu  month. 

(T.  H.  Bryce.) 
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U,  fibrous  septa  whicli  extend  from  this  wall  to  the  chorion,  and 
partly  subdivide  the  placenta  into  loculi. 

A  section  across  the  placenta  at  full  time  shows  it  to  be  bounded  on 
the  fa-tal  side  by  the  chorion,  covered  by  the  smooth  anuiion,  and  on 
the  maternal  side  by  the  thin  and  somewhat  uneven  detached  part  of 
the  decidua— a  separation  having  occurred  in  the  substance  of  the 
decidua  when  the  placenta  becomes  detached  from  the  uterus.  Between 
these  two  boundaries  is  a  spongy  mass  which  in  sections  examined 
under  the  microscope  (fig.  512)  appears  to  be  formed  of  a  more  or  less 
continuous  blood  space  in  which  an  enormous  number  of  ftetal  villi 
are  cut  in  various  directions. 

Each  villus  (fig.  513)  is  formed  of  a  jelly-like  connective  tissue 
covered  by  a  layer  of  epithelial  cells,  which  appear  to  be  united  with 
one  another  to  form  a  syncytium.  Within  the  larger  villi  arterioles 
and  venules  are  seen  (in  some  capillaries  also),  within  the  smaller 
only  capillaries.  Some  of  the  villi  at  times  appear  to  be  undergoing 
fibrinous  degeneration  (fig.  512,  f). 
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LESSONS  XXXIX.  AND  XL. 

STRUCTURE  OF  THE  SPINAL  CORD. 

1.  Skutions  of  the  spinal  cord  from  the  cervical,  dorsal,  aud  lumbar  l•egioll^s. 
If  the  human  spinal  coid  cannot  be  obtained  sufficiently  fresh,  that  of  a 
dog,  cat,  or  monkey  may  be  used.  It  is  to  be  hardened  by  suspending  it 
immediately  after  removal  from  the  body  in  a  tall  jar  of  formol  (10  per  cent, 
solution).  After  a  few  days  it  may  be  transferred  to  alcohol.  Sections  are 
to  be  made  either  by  the  paraffin  or  celloidin  method  :  the  former  is  pi-efer- 
able  for  small  cords.  The  sections  may  be  stained  by  Nissl's  method,  which 
brings  to  view  the  nei  ve-eells  aud  also  stains  the  axis-cylinders  of  the  nerve- 
fibres.  If  it  is  desiied  to  stain  by  the  M'^eigert-Pal  method,  which  colours 
the  medullary  sheaths  of  the  nerve-fibres,  the  pieces  of  cord  should  be  placed 
in  2  pel'  cent,  bichromate  of  potassium  solution  or  Miillei-\s  fiiiid  (either  at 
once  or  after  foi-mol)  and  should  be  left  for  about  a  month,  after  which  they 
ai'e  cut  by  a  fi'eezing  niiciotome.  (For  the  details  of  these  methods  sec 
Appendix.)  Caiminate  of  ammonia  or  thionin  may  also  be  employed  to 
stain  the  nerve-cells  and  axis-cylindei-s. 

Notice  the  lelative  extent  of  the  grey  as  coni2Jared  with  the  white  matter 
in  the  different  regions  of  tlie  cord. 

Sketch  a  section  fi'om  each  region  under  a  low  powei'.  Sketch  also  a 
small  portion  of  the  white  substance,  two  or  three  nerve-cells,  and  the  central 
canal  with  its  lining  epithelium  and  surrounding  neuroglia  under  the  high 
powei'. 

Measui'B  the  diametei'  of  some  of  the  nerve-tibies  in  the  anterior  c^^lunins, 
in  the  lateral  columns,  and  in  the  posterioi'  columns. 

2.  Tiacts  in  the  spinal  cord.  The  conducting  ti'acts  of  the  spinal  coi-d  may 
be  sttidied  in  two  ways,  viz.  :  (1)  hy  jDreparing  sections  of  embryonic  coids 
(fiom  the  5th  to  the  9th  month),  the  sections  being  stained  by  the  Weigeit- 
Pal  process  (Flechsig's  method)  ;  (2)  by  preparing  sections  from  the  cord  of 
an  animal  in  which  eithei'  a  complete  section  or  a  hemi-section  ha.s  been 
performed  about  1")  days  before  the  animal  is  killed,  and  staining  thin  pieces 
of  the  cord  from  below  and  from  above  the  section  h\  placing  them  in  a 
solution  consisting  of  two  parts  of  Miiller's  fluid  and  1  part  of  1  pel'  cent, 
osmic  acid  (Marchi's  method,  see  Apjoendix).  The  cord  must  first  be  jjartly 
hardened  by  jjlacing  it  for  a  few  days  in  Miiller's  fluid. 

The  spinal  cord  is  composed  of  grey  matter  in  the  centre  and  of 
white  matter  externally.  It  is  closely  invested  by  a  laj^er  of  connective 
tissue  containing  numerous  blood-vessels  (pia  mater),  and  less  closely 
by  two  other  membranes  (fig.  514).  One  of  these  is  an  areolar  mem- 
brane, resembling  a  serous  membrane  in  general  structui-e,  but  non- 
vascular and  more  delicate  in  texture  (arachnoid).  The  other,  which 
lines  the  vertebral  canal,  is  a  strong  fibrous  membrane  known  as  the 
dura  mater.    At  tlie  inifldle  of  the  anterior  and  posterior  (ventral  and 
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dorsal)  surfaces  the  pia  mater  dips  into  the  substance  of  the  cord  in  the 
anterior  and  posterior  median  fissures,  so  as  to  divide  it  almost  completely 
into  two  lateral  halves.  These  are,  however,  united  by  an  isthmus  or 
bridge,  which  is  composed  anteriorly  of  transversely  crossing  white 
fibres  {white  or  anterior  commissure),  posteriorly  of  grey  matter  {grey 
commissure),  in  the  middle  of  which  is  a  minute  canal  lined  by  ciliated 
epithelium  (central  canal). 

Each  lateral  half  of  the  spinal  cord  contains  a  crescent  of  grey 
matter,  which  is  joined  to  the  corresponding  crescent  of  the  opposite 
side  by  the  grey  commissure.  Of  the  two  horns  of  the  crescent  the 
posterior  or  dorsal  is  the  narrower  and  comes  near  the  surface  of  the 


Frj.  514. — Section  ui-  tiik 
spinal  coki)  within  its 
MEMiiKANES.  (Key  aiicl 
Retzius.) 

o,  flura  iimler ;  b,  araoliiioid ; 
c,  seiituni  of  arachnoid  ;  d,  r, 
trabeenl;c  of  arachnoid  ;  3, 
liyanientum  denticulatuni ; 
/,  huiidles  of  posterior  root ; 
A,  bundles  of  anterior  root ; 
/,  snharachnoid  sjiace. 


cord  :  close  to  it  the  bundles  of  the  posterior  nerve-roots  enter  tlie 
cord.  The  bundles  of  the  anterior  nerve-roots  emerge  from  the 
anterior  horn. 

According  to  Iiigl)ert  about  1,:}0(),000  nerve-fibres  enter  the  cord  by  the- 
jjosterior  roots,  and  about  one-tliird  tliat  number  leave  it  by  the  anterior 
roots. 

The  posterior  root-tibres  are  derived  froiu  the  cells  of  the  spinal  gangUa, 
which  lie  outside  the  cord  ;  tlie  anterioi'  root-fibres  fioni  cells  within  the 
grey  matter,  chiefiy  fioiii  cells  in  the  anterior  horn,  but  also  from  some  cells 
in  the  middle  and  posterior  parts  of  the  grey  matter  and  (especially  in  the 
tlioracic  region)  from  cells  in  the  intenuedio-lateral  tract  (lateral  liorii).  The 
latter  probably  furnish  the  autonomic  (sympathetic)  fibres  of  the  anterior 
roots,  while  the  cells  of  the  anterior  hoin  furnish  tlie  fibies  which  are 
distributed  to  the  voluntary  muscles. 

The  white  matter  of  each  half  of  the  cord  is  subdivided  by  the 
approach  of  the  posterior  horn  to  the  surface  into  two  unequal 
columns — antero-lateral  and  posterior.  A  distinction  is  sometimes 
drawn  between  anterior  and  lateral  portions  of  the  antero-lateral 
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postei'o-lateral  lissui'e 
postei'o-mesial  eohinin 

postero-inecliiui  lissiiro 
posterioi-  l  oot-ljuiirllc 
posterioi-  cohnnn 

subst.  jjelat.  of   

post,  hoi  ii 

ti-act  of  Fleulisig   — ' 

lat.  pyraiu.  ti-. 

form,  retk- 

lateral  lion 

central  uaiial  ""V 
aut.  commissure 


anterior  horn 


ant.  median  fissure 


Fu:.  5l0.  — JSliCTlOS   OF  HUMAN  SPINAL  COKIJ  IKUM   Ul'l'EK  CKUVLC.VL  KECION. 

(Photogiiiph. )    Magnified  about  8  diameters. 


CM. 


Vn:.  51().— A  small  i-oktion  ok  a  tkaxsvkkse  section  of  tiik  iir.\L\N 

SI'IN.VL  COKD   IN   the  RliOlON   OF  THE  LATERAL  COLUMN,   TO  SHOW  THE 

S  U  I'  EKFK.U  A  L  N  EUKOfl  LI  A. 

«  a  supcrncial  neuroglia ;  6,  6,  transverse  section  of  iiart  of  tlic  lateral  (-olnnni  of  the 
'    cor<l,  in  which  the  dark  points  are  the  axis-cylinders,  and  the  clear  area-s  the 
medullar\-  snljstaiice  of  the  nerve-nbrcs.    The  sniierflcial  ncnrotrlia  is  seen  to  exhibit 
the  appearance  of  a  Hue  feltwork  in  which  numerous  nuclei  and  one  or  two  corpora 
amylacea,  c.a.,  arc  imbedded,  and  to  extend  inwards  (c,  <•)  amoiijr  the  ncrve-flbrcs. 
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coluniu,  although  there  is  no  line  of  demarcation  between  them. 
In  the  upper  part  of  the  cord  the  po.sterior  column  is  subdivided 
by  a  septum  of  connective  tissue  into  two— the  'postero-mesial  column  or 
funiculus  gracilis,  and  the  po.stero-lateral  column  ov  funiculus  cuneaiun. 

The  white  matter  is  composed  of  longitudinally  coursing  medullated 
ner\  e-fibres,  which  in  sections  stained  with  carmine  or  thionin  appear 
as  clear  circular  areas  with  a  stained  dot,  the  axis-cylinder,  near  the 
middle  (fig.  516) ;  while  in  sections  stained  by  the  Weigert-Pal  method 
they  appear  as  black  circles  with  a  clear  centre.  The  nerve-fibres 
vary  in  size  in  difierent  parts ;  on  the  whole  those  which  are  nearest  to 
the  surface  of  the  cord  are  larger  than  those  nearest  to  the  grey 
matter,  but  there  is  a  bundle  uf  very  small  fibres  (at  M,  fig.  517) 
opposite  the  tip  of  the  posterior  horn. 

The  medullated  fibres  are  supported  by  neuroglia,  which  is  com- 
posed of  fibres  and  neuroglia-cells  (figs.  228,  229).  The  neuroglia  is 
accumulated  in  greater  amount  at  the  surface  of  the  cord,  underneath 
the  pia  mater  (particularly,  in  the  human  cord,  near  the  entrance  of  the 
posterior  roots  (fig.  516)),  and  it  extends  into  the  grey  matter,  in  which 
it  is  especially  abundant  in  the  subitantiu  gelatino.sd  at  the  apex  {caput) 
of  the  posterior  horn  and  around  the  central  canal. 

The  grey  matter,  besides  neuroglia,  contains  an  interlacement  of 
nerve-fibres  and  the  arborisations  of  the  dendrons  of  the  nerve-cells 
which  are  imbedded  in  it. 

Characters  of  the  spinal  cord  in  the  several  regions  (figs.  517,  522). 
— In  the  cervical  region  the  white  matter,  especially  that  of  the  lateral 
columns,  occurs  in  largest  proportion.  The  grey  matter  in  the  cervical 
enlargement  is  also  in  considerable  amount,  and  it  encroaches,  especi- 
ally in  the  upper  part  of  the  region,  in  the  form  of  a  network  {/ormatio 
reticularis)  upon  the  adjacent  part  of  the  lateral  white  column  (fig.  515). 
The  anterior  horns  are  thick  and  the  posterior  slender.  The  po.stero- 
mesial  column  is  distinctly  marked  off. 

In  the  dorsal  region  the  grey  matter  is  small  in  amount,  and  both 
horns  are  slender.  The  whole  cord  is  smaller  in  diameter  than  either 
in  the  cervical  or  lumbar  region.  The  columns  of  nerve-cells  known  as 
Clarke's  column  and  the  interraedio-lateral  column  are  well  marked. 

In  the  lumhcvr  region  the  crescents  of  grey  matter  are  very  thick, 
and  the  white  substance,  especially  the  lateral  columns,  relatively 
small  in  amount.  The  isthmus  lies  nearly  in  the  centre  of  the 
cord,  whereas  in  the  cervical  and  dorsal  regions  it  is  nearer  the 
anterior  surface. 

In  the  part  of  the  spinal  cord  fi'om  which  the  sacral  and  cor.r.i/geal 
nerve-roots    take    origin    grey   matter    largely  preponderates,  the 


Fk!.  517.— Sections  of  human 
spinai^  cord  from  the  lowkk 
cervical  (a),  miu-dorsal  (b). 
and  mid-lumbar  (c)  regions, 
showing  the  principal 
(jKoups  OF  nerat:-ceixs,  and 

ON  THE  RIGHT  SIDE  OF  EACH 
SECTION  THE  CONDUCTING 
TRACTS  AS  THEY  OCCUR  IN  THE 
SEVERAL  REGIONS. 

a,  b,  c,  ^roui)s  of  cells  of  the  anterior 
liorii  ;  d,  eells  of  tlie  lateral  horn : 
c  uiiddle  {jroiip  of  cells ;  /,  cells  of 
Clarke's  column  :  //,  cells  of  )>osterior 
horn ;  c,  c,  central  canal ;  a.c. ,  anterior 
commissure ;  >i,  marginal  bundle  of 
Lissauer  ;  i'.  m'.  ,  septomarginal  tract. 
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crescents  form  thick  irregular  masses,  and  the  grey  isthmus  is  also  of 
considerable  thickness 

TKACTS  OF  NEKVE-FIBKES  IN  THE  WHITE  COLUMNS. 

The  course  of  the  nerve-tracts  in  the  spinal  cord,  and  in  other  parts  of 
the  central  nervous  .sj'Stem,  can  he  made  out  by  the  n\ethod  of  Flechsig, 
which  involves  the  study  of  sections  of  the  developing  cord ;  for 
it  is  found  that  the  formation  of  medullary  substance  occurs  sooner 
in  some  tracts  than  in  others,  so  that  it  is  easy  to  make  out  the 
distinction  between  them.  Thus,  the  peripheral  nerves  and  nerve- 
roots  become  myelinated  in  the  first  half  of  the  fifth  month  of  fcetal 
life.  Of  the  tracts  of  the  spinal  cord,  those  of  Burdach  and  GoU  (see 
below)  are  the  first  to  be  myelinated,  then  the  tracts  of  Flechsig  and 
Govvers,  all  of  these  being  sensory  or  centripetally  conducting,  while 
the  pyramid-tracts,  which  are  motor  or  centrifugally  conducting,  do 
not  receive  their  myelin  sheath  until  after  birth. ^ 

Another  method  (that  of  A.  Waller)  consists  of  investigating  the 
course  which  is  pursued  by  degeneration  of  the  nerve-fibres  in 
consequence  of  lesions  produced  accidentally  or  purposely.  Those 
tracts  in  which  degeneration  of  fibres  occurs  below  the  lesion  are 
termed  "descending"  tracts;  those  in  which  it  occurs  above  the  lesion 
are  termed  "ascending."  This  method,  when  combined  with  the 
staining  process  devised  by  Marchi,  is  by  far  the  more  valuable,  since  it 
enables  even  single  fibres  to  be  traced  out. 

The  cells  whence  the  fibres  of  any  tract  arise  can  be  identified  after  a 
lesion  of  the  tract  by  the  chromatolysis  or  degeneration  of  Nissl  which 
nerve-cells  undergo  after  section  of  their  axons  (.see  pp.  177,  178). 

Tracts  of  the  posterior  column.  —  1.  Tract  of  Goll. — The  fibres  of  the 
piMteru-mesiiii  coluitiii  belong  to  a  tract  which  is  known  as  the  tract  of 
Goll  (fig.  .")18,  6).  This  consists  of  fibres  derived  from  the  posterior 
nerve-roots  of  the  sacral,  lumbar,  and  lower  dorsal  nerves,  which, 
after  having  entered  the  postero-lateral  columns,  pass,  as  they  ascend, 
towards  the  posterior  median  fissure  and  form  a  di.stinct  tract,  which  is 
marked  off  from  the  rest  of  the  posterior  column  in  the  cervical  region 
by  a  slight  furrow  and  a  septum  of  pia  mater  (fig.  51-5).  This  tract 
ends  amongst  the  cells  of  the  lindens  r/rarilis  of  the  medulla  oblongata. 

2.  Tract  (f  Burrlach. — The  iioati'ro -lateral  culunm  (tract  of  Burdach)  is 
also  composed  of  fibres  of  the  posterior  nerve-roots,  which  all  run  for 

'  Kleclisig  liiiflH  llmt  llic  libi'UH  of  the  pontorior  rooLs  nre  riiyelinatcd  in  at  least 
three  stages,  and  that  the  postero-lateial  tract  .shows  a  corresponding  dill'erentia- 
tion  into  three  cliief  parts  :  the  ri'iilvitl ,  middle,  and  dnvKtl  root-Miicn.  He  suggcst.s 
that  tliis  diti'erentiation  cor  responds  with  functional  differences  of  the  fibres. 
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a  certain  distance  in  it  before  entering  the  grey  matter  of  the  cord 
or  of  the  medulla  oblongata.  As  each  mass  of  posterior  root-bundles 
enters  the  column  close  to  the  apex  of  the  posterior  horn  it,  so  to 
speak,  pushes  the  root-fibres  which  have  already  entered  nearer  to 
the  median  fissure;  hence  those  which  are  derived  from  the  lowest 
nerve-roots  are  nearest  that  fissure  (in  the  tract  of  Goll),  while  those 
which  are  derived  from  the  highest  remain  near  the  posterior  horn 
(in  the  tract  of  Burdach).  Many  of  the  fibres  of  both  tracts  pass 
into  the  grey  matter  either  immediately  on  entering  the  cord  or 
in  their  course  upwards;  the  rest  are  continued  into  the  medulla 
oblongata,  and  those  of  the  tract  of  Burdach  end  by  arborising  amongst 
the  cells  of  the  imcleus  cuneatUK. 


Fi(!.  ;)1S. — Diagram  showing  the  ascending  (right  side)  and  descekdixg 
(left  side)  tracts  in  the  spinal  cord. 

I,  Crossed  pjiamid-tract ;  2,  direct  pjTamid-tract ;  3,  antero-lateral  descending ;  3a,  bundle 
of  Helvv'eg ;  4,  prepyramidal ;  5,  comma  ;  B,  postero-mesial  ;  7,  postero-lateral ;  S,  traci 
of  Lissaiier ;  9,  dorsal  cerebellar  ;  10,  antero-lateral  ascending  or  ventral  cerebellar : 
s-m,  septo-marginal ;  s.p.  I. ,  superficial  postero-lateral  fibres  (dorsal  root  zone  of 
l<'lechsig) ;  a  to  a^,  groups  of  cells  in  tbe  anterior  horn  ;  i,  intenuedio-lateral  group  or 
cell-column  in  the  lateral  part  of  the  grey  matter  ;  j),  cells  of  posterior  horn  ;  3,  dorsal 
nucleus  of  Stilling  or  cell-column  of  Clarke.  The  scattered  dots  indicate  the  .situation 
of  "endogenous"  fibres  (arising  in  grey  matter  of  cord)  having  for  the  most  part  a 
short  course. 

3.  Comma  tract. — Besides  the  tracts  of  Burdach  and  Goll,  which  are 
wholly  composed  of  long  "ascending"  fibres  having  their  cells  of  origin 
in  the  ganglia  on  the  posterior  roots,  there  are  a  few  fibres  whicli  have 
a  shorter  "descending"  course  in  the  posterior  column.  These  are 
believed  by  some  authorities  to  arise  from  descending  branches  of  the 
posterior  root-fibres,  by  others  to  arise  from  cells  in  the  grey  matter 
of  the  coi'd.    They  form  the  so  called  comma  tract  (fig.  518,  5). 

Proprio-spinal  or  endogenous  fibres  of  the  posterior  column.  - 
These  are  a  few  fibres  {septa-marginal),  chiefly  accumulated  near  the 
median  fissure  {nv<d  bv/iidle)  and  near  the  posterior  surface  {median 


Ficj.  519. — Diagram  showinc  the  course,  ortcjin,  and  TKiiMiNATiox  of 

THE   FIBRES  OF  THE  PRIN'CIPAL  TRACTS   OF  THE   WHITE    MATTER  OK  THE 

SPlNAi.  coitn.  {The  numbers  in  this  diagram  refei*  to  fibres  of  the 
tracts  sliown  with  corresponding  numbers  in  fig.  518.) 

"DesceTuling-"  tracts; — la,  a  fibre  of  the  crossed  pyramid-tract;  lb,  an  uncrossed  fibre 
of  tbe  i)yraniid-tract  passing  to  the  lateral  colunni  of  the  same  side  ;  ~^  a  fibre  of  the 
direct  pyramid-tract ;  a  fil)re  of  the  antero-lateral  descending  tract ;  a  fibre  <)f 
the  jirepyraniidal  tract ;  5,  filires  of  the  (^oninia  trat;t.  "  As(reiiding"  tracts  : — 6",  a  fibre 
of  the  postero-mesial  tract ;  7,  fibres  of  tlie  jiostero-Iateral  tract ;  9,  one  belonging  to 
the  dorsal  cerebellar  ;  10^  a  fibre  of  the  ascending  antero-lateral  or  ventral  cerebellar 
tract.  Also,  m,  motor  nerves;  «,  sensory  (afferent)  nerves;  7?.//rac.,  nneleus  graclhs ; 
n.cun.y  nucleus  euneatus ;  nucl.  pontin,  nucleus  of  ]»oiis.  The  .irrows  indicate  the 
(lirei'tion  of  the  nerve-impulses. 
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triangle  bundle),  but  also  scattered  in  other  parts  of  the  column, 
which  are  derived  from  cells  in  the  grey  matter  of  the  cord  itself. 
All  of  the  above  take  a  "  descending  "  course  in  the  posterior  column. 
Others  which  arise  in  the  grey  matter  and  have  an  "ascending" 
course  are  especially  numerous  in  the  ventral  part  of  the  column. 

Descending  tracts  of  the  antero-lateral  column.  —  1 .  Pyramid-trad  or 
eortico-spinal  tract. — At  the  posterior  part  of  the  lateral  column  there 
is  a  tract  of  moderately  large  "  descending  "  fibres  (intermingled  witli 
smaller  fibres)  which  are  found  to  run  in  the  lateral  column  of  the 
spinal  cord  from  the  opposite  side  of  the  brain,  after  having  for  the 
most  part  crossed  at  the  decussation  of  the  pyramids  of  the  medulla 
oblongata  [crossed  lateral-pyramid  tract,  fig.  518,  1 ;  fig.  519,  la). 
Intermingled  with  the  fibres  of  the  crossed  pyramid-tract  in  the 
lateral  column  are  a  few  fibres  of  the  pyramid  which  have  not  crossed 
in  tiie  medulla  oblongata,  and  which  are  therefore  derived  from  the 
cerebral  cortex  of  the  same  side  {uncrossed  lateral  pyramid  fibres, 
fig.  519,  lb).  The  large  fibres  which  lie  in  the  anterior  columns  next 
to  the  anterior  median  fissure,  which  are  especially  numerous  in  the 
upper  part  of  the  human  cord,  also  belong  to  a  portion  of  the  same 
tract  which  has  not  undergone  decussation  {direct  pyramid-tract, 
figs.  518,  519,  2).  The  direct  pyramid-tract  is  only  found  in  man 
and  the  anthropoid  apes  ;  in  some  individuals  it  is  absent,  and  it 
varies  considerably  in  extent. 

The  pyramid-tracts  are  composed  of  "  descending "  fibres,  which 
have  their  cells  of  origin  in  the  cerebral  cortex  (precentral  and 
paracentral  gyri)  and  end  by  arborisations  in  the  grey  matter 
at  the  base  of  the  posterior  cornua  of  the  spinal  cord.  In  some 
mammals  (rat,  mouse,  guinea-pig,  sheep,  kangaroo,  squirrel,  etc.)  the 
pyramid-tracts  are  situated  in  the  posterior  columns  of  the  cord,  in 
others,  including  the  monkey,  dog,  cat,  and  rabbit,  they  run  wholly 
in  the  lateral  columns.  The  pyramid-ti-acts  are  very  small  in  the 
lower  mammals,  and  aie  not  found  at  all  in  vertebrates  below 
mammals. 

It  has  been  calculated  that  there  are  about  80,000  fibres  of  the 
pyramid-tract  in  each  half  of  the  human  cord.  The  pyramid-tracts 
are  generally  regarded  as  the  paths  along  wiiich  volitional  impulses  are 
conveyed  from  the  cerebral  cortex  to  the  spinal  cord.  But  experiments 
have  shown  that  they  are  not  the  only  cortico  spinal  paths  nor  even 
the  most  important  in  many  aninuils,  for  the  paralysis  which  results 
from  their  section  is  soon  recovered  from  in  most  animals,  whereas 
that  resulting  from  section  of  the  anterior  column  and  adjacent  part  of 
the  lateral  column  may  be  more  marked  and  permanent.    In  man  it 
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appears  to  be  the  finer  and  more  delicate  movements  which  are 
permanently  lost  when  the  pyramid-tract  is  affected  by  disease. 

2.  Trad  of  Loeivenlhal.— Besides  the  pyramid-tracts  there  are 
four  other  "descending"  tracts  of  fibres  in  the  antero-lateral  column. 
One  of  these  (the  antero  lateral  desrendin;/  tract  or  tract  of  Loeiventhal, 
figs.  518,  519,  J)  lies  on  the  side  of  the  anterior  median  fissure,  and 
e.\tends  along  the  margin  of  the  cord  in  the  "root"  zone,  even 
reaching  the  anterior  part  of  the  lateral  column.  These  fibres  are 
continued  down,  chiefly  from  the  posterior  or  dorsal  longitudinal  bundle 
{bulbospinal  and  ponto-spinal  fbres)  of  the  medulla  oblongata  and  pons, 
partly  from  other  sources  which  will  be  afterwards  referred  to.  They 
end  by  arborisations  in  the  anterior  horn.  Similar  arborisations  pass 
from  the  posterior  longitudinal  bundle  to  the  nuclei  of  the  motor 
cranial  nerves.    This  tract  is  mainly  uncrossed. 

3.  Rubrospinal  trad. — Another  "descending"  tract  in  the  antero- 
lateral column  lies  just  in  front  of  the  crossed  pyramid-tract ;  this 
is  the  prepi/ramidal  or  rubrospinal  tract  (figs.  518,  519,  4)-  Its  fibres 
end  by  arborising  in  the  grey  matter  of  the  middle  of  the  crescent ; 
the  situation  of  its  cells  of  origin  is  the  red  nucleus  of  the  tegmentum 
in  the  raid-brain.  This  tract  is  also  known  as  Monakoiv's  trad. 
Some  of  its  fibres  are  stated  to  be  derived  from  cells  in  the  reticular 
formation  of  the  pons  and  medulla  oblongata. 

4.  Tectospinal  fibres. — Intermingled  with  the  fibres  of  the  rubro- 
spinal tract  (but  far  fewer  in  number  in  man)  are  fibres  derived 
from  the  quadrigeminal  bodies  of  the  opposite  side.  These  fibres 
form  a  part  of  the  tectospinal  trad.  Another  part  of  this  tract  (ventral 
longitudinal  bundle)  passes  into  the  anterior  column  of  the  cord  in  the 
tract  of  Loewenthal  above  mentioned. 

5.  Olivospinal  trad. — Lastly,  a  small  triangular  group  of  "descend- 
ing" fibres  traceable  from  the  neighbourhood  of  the  olive  in  the 
medulla  oblongata,  and  passing  down  the  cervical  cord  in  the  anterior 
part  of  the  lateral  column  (fig.  518,  3a),  (the  exact  origin  and  destina- 
tion of  the  fibres  is  unknown)  is  tei'med  the  bundle  of  Ilelweg  or  olivo- 
spinal tract. 

Ascending  tracts  of  the  antero-lateral  column. — 1.  Tract  of 
Fleclnsig. — This  is  a  well-marked  tract,  which  is  however  only  distinct 
in  the  cervical  and  dorsal  regions,  where  it  lies  external  to  the 
crossed  pyramid-tract.  It  consists  of  large  fibres  which  are  derived 
from  the  cells  of  Clarke's  column  (fig.  518,  d)  and  which  pass  up  into 
the  cerebellar  vermis  by  way  of  ^  the  inferior  peduncle  of  the  same  side 
{dorsal  spino-cerebella7-  bundle  or  dived  cerebellar  trad  of  Flechsig,  fig. 
517;  figs.  518,  519,  9;  520,  b,  b'). 
27 
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FlO.  520.— DiAdKAM  SHOWING  THE  COURSE  OF  THK  TRACTS  OF  FLECUSK)  AND 
OF  OOWERS  IN  TIIH  SPINAI,  CORD  AND  THEIR  CONTINUATIONS  TO  TUB  CKRK- 
BELLUM,  CORI'DRA  (JU A  URII iEMIN  A,  THALAMUS  AND  CORTEX  CEREBRI. 
a  posterior  root-fibrfs ;  b,  tract  of  I''lochsiK,  at  b\  by  the  rcstiforin  body  to  the 

cerebellar  veriiiiH;  c,  tract  of  Oowersi;  rf,  passage  of  most  of  its  fibres  alonjr  the 
superior  iiedimolc  to  tlie  cerebellum;  c,  fibres  lo  the  cori'ora  quadng-eniiiia,  e  ; /, 
others  to  the  thalamus  ;  g,  fibres  from  tlmlanuis  to  cerebral  cortex. 
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2.  Tract  of  Gowers. — This  is  situated  more  anteriorly,  lying  in 
front  of  the  crossed  pyramid  and  direct  cerebellar  tracts  in  the 
lumbar  region  :  while  in  the  dorsal  and  cervical  regions  it  forms  a 
narrow  band  of  fibres  curving  round  close  to  the  external  surface 
of  the  cord,  and  extending  even  into  the  anterior  column.  It  was 
termed  the  antero-lateral  ascending  tract  by  Gowers  (figs.  518,  519,  10). 
Its  fibres  are  partly  intermingled  with  those  of  the  antero-lateral 
descending  tract.  Most  of  the  fibres  of  the  tract  of  Gowers  are 
connected  with  the  vermis  of  the  cerebellum,  constituting  the  ventral 
spino-cerebellar  bundle,  which  passes  to  that  organ  over  and  parallel 
with  the  superior  cerebellar  peduncle  (fig.  520).  Both  in  the  cord 
and  medulla  oblongata  it  gives  off"  fibres  to  join  the  tract  of  Flechsig 
and  to  pass  to  the  cerebellum  by  the  inferior  peduncle.  According  to 
Van  Gehuchten,  confirmed  by  Collier  and  Buzzard,  the  tract  of  Gowers 
gives  off  a  few  fibres  to  enter  the  opposite  cerebellar  hemisphere  by 
the  middle  peduncle. 

Some  of  the  fibres  of  the  antero-lateral  ascending  tract  (spino-iecial 
fibres)  are  continued  up  to  the  corpora  quadrigemina.  Others  pass 
into  the  tegmentum  of  the  crus  cerebri,  where  they  can  be  traced  as 
far  as  the  lower  part  of  the  thalamus  (spino-thalamic  fibres). 

The  fibres  of  Gowers'  tract  ajjpear  to  take  origin  from  the  cells  of 
Clarke's  column,  especially  from  its  lower  part.  This  at  least  is  the 
case  with  the  cerebellar  fibres.  But  the  quadrigeminal  and  thalamic 
fibres  are  believed  to  arise  from  cells  situated  in  the  middle  and 
posterior  pai-ts  of  the  grey  crescent,  partly  on  the  same  but  chiefly  on 
the  opposite  side  of  the  cord. 

3.  T7-act  of  Lissauer. — Lastly,  there  is  another  small  tract  of  fibres 
which  undergoes  degeneration  above  the  point  of  section.  This  is 
the  marginal  bundle  of  Lissauer  (marked  m  in  fig.  517).  It  is  formed 
by  fine  fibres  from  the  posterior  roots. 

Other  portions  of  the  antero-lateral  columns  near  the  grey  matter 
which  are  differentiated  by  the  method  of  Flechsig  are  probably  short 
tracts  uniting  adjacent  portions  of  the  grey  matter  of  the  cord. 

Proprio-spinal  or  endogenous  fibres  of  the  antero-lateral  column. 
—Sherrington  has  shown  tliat  in  the  dog  the  lateral  column  in  bhe 
dorsal  region  of  the  cord  contains  a  certain  number  of  long  fibres 
which  take  origin  in  the  cervical,  dorsal  and  upper  lumbar  segments 
and  are  traceable  down  to  the  lumbo  sacral  enlargement.  These 
must  serve  to  convey  excito-reflex  impulses  from  the  upper  to  the 
lower  parts  of  the  body.  Probably  similar  fibres  arise  all  along  the 
cord  from  the  cells  of  the  lateral  column  and  pass  upwards  as  well 
as  downwards. 
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A  tract  of  endogenous  fibres  has  been  observed  in  man  close  to  the 
anterioi-  median  fissure  lying  amongst  the  fibres  of  the  direct  pyramid- 
tract.    This  is  known  as  the  cmterior  sulco-margincd  tract  of  Marie. 

The  antero-lateral  column  contains  also  many  endogenous  fibres, 
both  ascending  and  descending,  derived  from  cells  in  the  grey  matter 
of  the  cord,  which  have  only  a  short  course,  serving  to  connect 
adjacent  segments. 

GREY  MATTER  OF  CORD. 

The  nerve-cells  which  are  scattered  through  the  grey  matter  are 
in  part  disposed  in  definite  groups.  Thus  there  are  several  groups 
of  large  multipolar  nerve-cells  in  the  anterior  horn  in  the  cervical  and 
lumbar  enlargements  (fig.  517),  although  in  other  regions  of  the  cord 
the  number  of  groups  in  this  situation  is  reduced  to  two,  a  mesial 
and  a  lateral.  The  larger  groups  in  the  enlargements  correspond  with 
segments  of  the  limb  (Van  Gehuchten) ;  thus  there  appear  to  be 
groups  associated  with  foot,  leg,  and  thigh,  and  with  hand,  arm,  and 
shoulder  movements  respectively.  The  groups  from  which  the  motor 
nerves  to  the  shoulder  and  arm  muscles  arise  appear  in  somewhat 
higher  segments  of  the  cervical  cord  than  those  belonging  to  the  hand 
muscles.  The  same  holds  good,  mutatis  mutandis,  for  the  lumbar  cord 
in  relation  to  the  leg  and  foot.  Further,  the  larger  groups  show 
subdivisions  which  may  be  related  to  particular  movements,  i.e.  to 
particular  groups  of  muscles.  In  the  case  of  the  diaphragm  there  is  a 
special  cell-group  or  cell-column  in  the  anterior  horn  of  the  cervical 
cord  from  which  the  fibres  of  the  phrenic  nerve  arise,  so  that  in  this 
case  a  cell-group  is  set  apart  for  a  special  muscle. 

The  axis-cylinder  processes  of  the  anterior  horn  cells  mostly  pass  out 
into  the  corresponding  anterior  nerve  roots  (fig.  519,  m;  fig.  523,./), 
but  a  few  send  their  axons  to  the  anterior  column  of  the  opposite  side 
through  the  white  commissure  (fig.  523,  m)  or  to  the  anterior  or  lateral 
column  of  the  same  side  (I,  n).  It  is  noteworthy  that  in  birds  a  few 
cells  of  the  anterior  horn  send  their  axons  into  the  post-erior  roots.  A 
well-marked  group  of  large  rounded  nerve-cells,  best  marked  in 
the  thoracic  region,  lies  at  tlie  base  of  the  posterior  horn  (nucleus 
of  Stilling,  Clarke's  column,  fig.  518,  fig.  523,  u).  The  cells  of 
Clarke's  column  send  their  axis-c3'linder  processes  into  the  dorsal 
cerebellar  tract  (Mott),  and  if  this  tract  be  cut  experimentally,  the 
large  cells  of  Clarke's  column  on  the  same  side  below  the  section 
undergo  Nissl  degeneration  and  eventually  atrophy,  but  the  degenera- 
tion does  not  aflect  all  these  cells  unless  the  tract  of  Gowers  be 
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I.  III. 


Fui.  i521.— DlAGE.\M  OF  SECTIONS  OF  THE  Sl'lNAI.  CORD  OF  THE  MONKEY  SHOVV- 
INO  THE  POSITION  OF  DEGENERATED  TRACTS  OF  NERVE-FICRHS  AFTER 
SPECIFIC  LESIONS  OF  THE  CORD  ITSELF,  THE  EFFERENT  NERVE-ROOTS  AND 

OF  THE  MOTOR  REGION  OF  THE  CEREBRAL  coRTE.x.  {The  degenerations  are 
shown  by  the  method  of  Marchi.)  The  left  side  of  the  cord  is  at  the 
reader's  left  hand. 

I.  Oc'trenerations  resulting  from  exlirpatioii  of  the  motor  area  of  the  cortex  of  the  left 

cerebral  hemisphere. 

II.  Degenerations  produced  by  seotion  of  the  posterior  longitudinal  bundles  in  the  upper 
part  of  the  medulla  oblongata. 

III.  and  IV.  Result  of  section  of  posterior  roots  of  the  first,  second,  and  third  lumbar 
nerves  on  the  right  side.  Section  III.  is  from  the  segment  of  cord  between  the  last 
thoracic  and  first  lumbar  roots  ;  section  I\'.  from  the  same  cord  in  the  cervical  region. 

V.  to  VIII.  Degenerations  resulting  from  (right)  semi-section  of  the  cord  in  the  upper 
thoracic  region.  V.  is  taken  a  short  distance  above  the  level  of  section  ;  VI.,  higher  U)) 
the  cord  (cervical  region) ;  VII.,  a  little  below  the  level  of  section ;  VIII.,  lumbar  region. 
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Fia.  522.— Diagram  of  sections  of  human  spinal  corp  at  pifferent 

LEVELS.  (Edinger.) 
The  names  refer  to  the  origin  of  the  corrcsiwndinc  nerve  roots.   The  rclntivc  slinpc  and 

size  of  the  cord  and  grey  matter,  and  the  relative  nmouTits  of  irrcy  and  while  matter, 

and  tlic  principal  cell-groups  arc  shown. 
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also  .severed.  There  are  a  few  small  cells  with  short  axons  in 
Clarke's  column  which  do  not  give  rise  to  fibres  of  either  of  these 
tracts. 

Another  group  is  seen  on  the  outer  side  of  the  grey  matter  lying  in 
a  projection  which  is  sometimes  known  as  the  lateral  horn  {lateral 
cell-column,  intermediclaieral  column,  fig.  518,  i).  This  is  most  distinct 
in  the  thoracic  region  as  far  up  as  the  second  thoracic  segment. 
The  axons  from  its  cells  for  the  most  part  leave  the  cord  along  with 
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523.— DiAGR.UI    SHOWING    THE    PKOBAIil.E   RELATIONS  OF  SOME  OK  THE 

CELLS  OF  THE  CORD  TO  THE  WHITE  COLUMNS.  On  the  left  side  the  col- 
laterals from  the  fibres  of  the  white  columns  are  shown  passing  into  the 
grey  matter.  (Cajal.) 

h.  fibres  of  posterior  column  sending-  eollater.als  into  the  R-rey  matter  ;  c,  ((,  fibres  of 
posterior  root  enterinj;  posterior  column  ;  e,  /,  collaterals  passinjj  from  lateral  and 
anterior  columns  into  Rrev  matter  ;  .7,  /(,  t,  fibres  of  white  commissure  ;  j,  anterior 
root-fibre  sprinsfiiife'  from  fc,  cell  of  anterior  horn  ;  (,  m,  n,  other  cells  of  ffrey  crescent 
sending  their  axons  into  the  white  matter  ;  o,  axon  of  cell  of  Clarke's  column  passmj,' 
into  the  dorsal  cerebellar  tract ;  p,  axon  of  cell  of  suljstantia  gelatinosa ;  q,  fibre  of 
doi-sal  cerebellar  tract ;  r,  fibre  of  posterior  root  passing  to  tract  of  Lissauer  ;  »,  (,  cells 
of  substantia  gelatinosa  ;  «,  cell  of  Clarke's  column. 


the  anterior  roots,  and  probably  furnish  the  outgoing  visceral  and 
vascular  fibres.  Another  group  {middle  cell-column)  lies  in  the  middle 
of  the  crescent  (fig.  517,  e).  The  cells  of  the  posterior  horn  (gr)  are 
very  numerous  but  are  not  collected  into  definite  groups.  Those  of 
the  substantia  gelatinosa  of  Rolando  send  their  nerve-fibre  processes 
partly  into  the  lateral,  partly  into  the  adjacent  posterior  columns 
(fig.  523,  s,  t). 

Tlie  cells  which  send  their  axons  into  the  adjacent  parts  of  the  white 
colunms  but  not  into  any  special  tract  are  .sometimes  termed  the  "  cells  of 
the  white  columns." 
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The  connection  of  nerve-roots  with  spinal  cord.— The  anterior  or 
ventral  roots  leave  the  anterior  horn  in  a  number  of  bundles.  Most  of 
their  fibres  are  directly  continued  from  the  nerve-cells  in  the  anterior 
and  lateral  horns,  and  according  to  Golgi  in  part  also  from  cells  in  the 


Fio.  524. — From    a  loniutudinal 

SECTION  or  SIGNAL  CORD,  SHOW- 
ING THE  ENTRANCE  OF  POSTEHIOR 
ROOT-FIBRES.  (Cajal.) 

A,  A,  fibres  eiiteriii(f  the  postero-Ialeral 
column,  and  bifurcating  into  an  ascendintr 
and  descendiiii^  division  ;  Ti,  C,  collaterals 
passing  from  them  into  the  grey  matter  ; 
E,  other  fibres  of  the  jiosterior  white 
columns  also  giving  off  collaterals. 


Fh!.  52.5. — Arborisation  of  col- 
laterals  from  tue  posterior 
root-fibres  around  cells  in  the 
posterior  horn  of  lirey  matter. 
(Cajal.) 

A,  fibres  of  i>osterior  column  derived  from 
])osterior  root :  15,  collaterals ;  C,  D,  iicr\  e- 
cells  in  grey  matter  surrounded  by  the 
•arborisations"  of  the  collaterals ;  E,  an 
arborisation  shown  separately. 


posterior  horn.  These  cells,  from  which  the  anterior  root-fibres  arise, 
are  surrounded  by  an  interlacement  of  ramified  nerve-eudiugs,  which 
are  derived  from  various  sources,  especially  the  axons  of  cells  of  the 
posterior  horn,  from  collaterals  of  the  posterior  root-fibres  (see  below), 
and  from  those  of  the  fibres  of  the.  adjacent  wliite  columns. 
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The  fibres  of  the  posterior  or  dorsal  roots  originate  in  the  cells  of 
the  posterior  root  ganglia  and  pass  into  the  postero-lateral  column 
(see  diagram,  fig.  519),  but  the  smallest  fibres  enter  the  marginal 
bundle  of  Lissauer,  and  some  pass  directly  into  the  posterior  horn 
of  grey  matter.  On  entering  the  spinal  cord  the  fibres  bifurcate 
(fig.°524),  one  branch  passing  upwards,  the  other  downwards.  Both 
from  the  main  fibre  and  from  its  branches  collateral  fibres  pass  at 
frequent  intervals  into  the  grey  matter,  and  end  in  arborisations 
of  fibrils  which  envelop  the  nerve-cells  both  of  the  posterior  (fig. 
.^25)  and  of  the  anterior  horn,  and  in  the  dorsal  region  the  cells  of 
Clarke's  column  and  those  of  the  intermedio-lateral  column.  Many 
of  the  main  fibres  also  ultimately  end  in  a  similar  manner  in  the 
grey  matter,  some  after  a  short  course  only,  but  others  after  a 
long  course.    But  a  considerable  number  of  fibres  pass  upwards  in 


Fi(i.  020.— Section  of  tuk  CE^'TR.VL  can.vl  or  the  si-inal  lokd  of  a  child, 

SllOWISCi    ITS   CILIATED    EPITIIELIUM    AND    THE    SUKKOUNDING  CENTRAL 

NEUKOCLTA.    Moderately  magnified. 

the  postero-lateral  and  postero-mesial  columns  (in  the  latter  especially 
those  of  the  lower  spinal  nerves),  until  they  arrive  at  the  medulla 
oblongata,  where  they  end  in  terminal  arborisations  around  the 
cells  of  the  nucleus  gracilis  and  nucleus  cuneatus. 

The  central  canal  of  the  spinal  cord  is  lined  by  columnar  ciliated 
epithelium-cells  (ependyma)  which  are  surrounded  by  a  quantity  of 
neuroglia.  The  cells  are  best  seen  in  the  spinal  cord  of  animals 
and  in  the  child  (figs.  526,  527) ;  in  the  human  adult  they  have 
frequently  become  proliferated,  and  cilia  are  no  longer  present.  In 
the  early  embryo  their  fixed  extremities  extend  through  the  whole 
thickness  of  the  cord  to  reach  the  pia  mater.  This  condition  is 
permanent  in  the  cord  of  many  of  the  lower  vertebrata. 

Blood-vessels  of  the  spinal  cord.— The  blood-supply  of  the  grey  matter 
is  derived  inainly  fioiii  a  .series  of  arterioles,  which  come  ott'  from  the 
iiiesially  situated  anterior  spinal  artery,  pass  into  the  anterior  median 
fissure,  and  at  the  bottom  of  this  divide  each  into  two  branches,  oue  for  the 
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Fio.  527. — Part  of  ei'itiielium  of  ckntraj.  cax.u.  of  nkw-bokn  cuilu, 

STAINED  BY  OOLGl'S  METHOD.  (Sobotta. )  X  120. 
ep,  epithelium  ;  ng,  ueuroylia  cells  in  adjacent  grey  matter. 


Fkj.  528. — Section  of  cord  of  emiikyi),  .siiu\vin(j  some  of  the  kpendyma  cells 

DETACHED  AND  BECOMING  CONVERTED  INTO  NEUROGLIA  CELLS,     (v.  LcilllOSS^k.) 


Till-:  SPINAL  CORD. 

groy  matter  of  each  lateral  half  of  the  eord.  In  the  grey  matter  is  a  vei7 
dZ  capillary  plexus  which  is  supplied  not  aloi.e  by  the  vessels  just 
motioned,  but  also  by  small  arterioles,  which  converge  fron,  the  suiall 
LrterieTof  the  pia  mater,  p.vssing  through  the  white  matter,  and  supp lyu^^^ 
this  as  they  pass  through  it.  These  arterioles  are  branches  of  the  iboye- 
nientioned  Interior  spin-U  artery  and  of  the  posterior  spinal  ^^teries  w^^^^^^ 
run  on  each  side  along  the  line  of  the  posteiior  roots)  The  capillaiy 
ple-xus  of  the  white  matter  is  far  less  dense  than  that  of  the  grey  matter. 
It  forms  longitudinal  meshes.  m      i  .t„„i 

The  veins  of  the  spinal  cord  accompany  the  arteries.  Two  longitudinal 
venous  vessels,  accompanying  corresponding  anastomotic  arterioles,  are  seen, 
one  on  either  side  of  the  central  canal,  in  most  transverse  sections  oi  the 
cord. 
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LESSON  XLI. 

THE  MEDULLA  OBLONGATA. 

Sections  of  tlie  medulla  oblongata  (made  in  the  same  way  as  with  tlie  spinal 
cord)  :  (a)  at  the  level  of  the  decussation  of  the  i^yiamids,  (6)  just  above  the 
decussation,  (c)  oiJi^osite  the  middle  of  the  olivary  body,  and  (cQ  either 
thi'ough  the  upiDermost  jjart  of  the  olivary  body,  or  just  above  it. 


The  brain  consists  of  three  great  morphological  divisions  associated 
with  the  three  primary  cerebral  vesicles  of  the  embi-yo;  they  are 
termed  respectively  the  hind-brain,  mid-hrain,  fore-brain. 

The  hind-brain  forms  the  parts  around  the  fourth  ventricle,  viz. 
the  medulla  oblongata  or  spinal  bulb  (myelencephalon),  and  above 
this  the  pons  Varolii  with  the  cerebellum  (metencephalon) ;  the  mid- 
brain forms  the  region  of  the  corpora  quadrigemina  (mesencephalon) ; 
the  fore-brain  the  parts  immediately  above  that  region  and  centring 
around  the  third  ventricle,  including  the  optic  thalami  (thala- 
mencephalon),  as  well  as  the  corpora  striata  and  cerebral  hemispheres 
(telencephalon). 

The  structure  of  the  medulla  oblongata  or  spinal  bulb  can  best 
be  made  out  by  the  study  of  a  series  of  sections  taken  from  below 
upwards,  and  by  tracing  in  these  the  changes  which  occur  in  the 
constituent  parts  of  the  spinal  cord,  taking  note  at  the  same  time 
of  any  parts  which  may  be  superadded. 

A  section  through  the  region  of  tlie  decussation  of  the  pyramids 
(fig.  529)  has  much  the  same  form  as  a  section  through  the  upper 
part  of  the  spinal  cord,  and  most  of  the  structures  of  the  cord  can 
be  easily  recognised.  A  considerable  alteration  of  the  grey  matter 
is,  however,  produced  by  the  passage  *f  the  large  bundles  of  the 
crossed  pyramid-tract  from  the  lateral  column  of  the  spinal  cord 
on  each  side  through  the  root  of  the  anterior  horn  and  across  the 
anterior  median  fissure  to  the  opposite  anterior  column  of  the 
medulla  oblongata,  where,  together  with  the  fibres  of  the  direct 
pyramid-tract,  they  constitute  the  prominent  mass  of  white  fibres 
which  is  seen  on  the  front  of  the  bulb,  on  each  side  of  the  middle 
line,  and  which  is  known  as  the  pyramid.    By  this  passage  of  fibres 
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through  the  grey  matter  the  tip  of  the  anterior  horn  i.s  cut  off  from 
the  rest  and  becomes  pushed  as  it  were  to  the  side;  part  ot  it 
appears  as  an  isolated  mass  or  masses  of  grey  matter,  one  of  which 
becomes  known  as  the  lateral  nucleus.  In  sections  just  above  the 
decussation  of  the  pyramids  a  wavy  band  of  grey  matter  makes  its 
appearance  on  the  lateral  aspect  of  each  pyramid,  corresponding 
with  a  prominence  on  the  surface  which  is  known  as  the  ohve.  ihe 


funiculus  gracilis 


post,  median  fissure  ~ 


funiculus  euneatus 
nucleus  prai  ili^ 


desc.  YHi" 
ljundle  from  fun.  cun.- 
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Fic!.  529.— Section  across  the  lower  p.vrt  of  the  medulla  oblongata  in 

TIIR    UEfUON    OF    THE    DECUSSATION    OK    THE    PYRAMIDS.      Magnified  6J 

diameters. 

wavy  or  plicated  grey  matter  is  termed  the  olivary  nucleus  (figs.  530, 
5.32). 

The  pyramids  (anterior  pyramids)  of  the  medulla  oblongata  are 
formed  of  fibres  which  originate  in  the  motor  region  of  the  cerebral 
cortex,  and  which  can  be  traced  from  the  axons  of  large  cells  in  the 
grey  matter  of  that  cortex  through  the  white  matter  of  the  hemisphere, 
through  tlie  middle  third  or  more  of  the  internal  capsule  and  crusta, 
through  the  pyramid  bundles  of  the  pons  Varolii  and  into  these 
structures  (pyramids)  of  the  bulb.    As  we  have  just  seen,  they  pass 
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at  the  lower  limit  of  the  bulb  chiefly  to  the  opposite  or  crossed 
lateral  column  of  the  cord,  but  partly  to  the  lateral  column  of  the 
same  side,  and,  in  man  and  anthropoid  apes,  partly  to  the  anterior 
column.  They  collectively  constitute  the  tract  of  the  pyramid,  which  is 
smaller  in  the  medulla  oblongata  than  in  the  pons,  since  many  of 
its  fibres  have  left  the  main  tract  whilst  within  the  pons  and  have 
passed  across  the  middle  line  towards  the  grey  matter  on  the  dorsal 
aspect  of  the  pons  and  medulla  oblongata.    Bometimes  such  a  bundle 


post,  median  fissure  • 

nucleus  t'racilis  

funiculus  cuneatus'  


nucleus  ouneatus'- 


desc.  root  of  iith- 


central  canal— i 
substantia  Rolandi 

central  fibres  of  Vth 

int.  arcuate  fibres, 
tract  of  Fleclisijj— 

tract  of  Gowers 


raplie 

accessorj'  oliv.  nuel. 
siliqua  olivse 

olivary  nucleus  


n.  XI. 


n.  XII. 


post.  long, 
ljundle 


—  ;int.  lonp. 
bundle 


-  tract  of 
fillet 


pjTamid- 


arcuate  nucleus- 


Fig.  530.— Section  t.akes  immediatkly  above  the  decussation  of  the 
rrBAMiDS.    Magnified  6J  diameters. 

of  fibres,  after  passing  towards  the  sensory  nuclei  in  the  lateral 

part  of  the  medulla  oblongata,  does  not  end  in  them,  but  again 

comes  ventralwards  and  joins  the  main  or  central  part  of  the  tract 

near  its  decussation  (bundle  of  Pick). 

It  is  not  a  little  remarkable  that  although  the  fibres  of  the  pynunid-ti-act 
give  off  numcroim  eollateral.s  to  the  grey  uiattei-  of  the  cerebral  coiie.x,  the 
basal  ganglia  of  the  cerebrum,  the  sulwtaiitia  nigra  of  the  niid-bniin,  the 
nuclei  of  the  pons,  and  the  base  of  the  po.stei'ior  horn  of  the  spinal  ,coi-d, 
no  collaterals  are  seen  to  leave  them  in  their  course  through  the  medulla 
oblongata,  except  a  very  few  to  the  olivary  nuclei.  A'ai'ious  observer.s 
have  described  collaterals" and  terminations  of  tlie  pyramid  fibres  a«  pas.-^ing 
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to  the  motor  nuclei  of  tlie  cranial  ner\ 
of  the  spinal  cord,  but  statements  to 
caution,  for  although  cvirrent  in  most 
text-books,  they  have  not  been  sub- 
stantiated by  accurate  observations. 
It  is  certain  that  most  if  not  all  of  the 
fibres  of  the  jjyramid-ti'act  end  not  in 
the  ventral  but  in  the.  dorsal  part  of 
the  grey  matter  of  the  cord. 

A  change  also  occurs  in  the  pos- 
terior horn  in  consequence  of  the 
increased  development  of  the  pos- 
terior column  of  white  matter.  This 
causes  the  posterior  horns  to  be 
pushed   towards  the  side,  the  V 
which  they  form  with  one  another 
being  thus  opened  out ;  at  the  same 
time  the  tip  of  the  horn  swells  out 
and  causes  a  prominence  upon  the 
surface  of  the  medulla  oblongata, 
which  is  known  as  the  tubercle  of 
Rolando.    Its  grey  matter  forms  the 
prolongation  of  the  sensory  nucleus 
of  the  fifth  nerve.   On  its  outer  side 
and  partly  embracing  it  is  a  bundle 
of  fibres  seen  in  every  section  of  the 
medulla  oblongata,  and  traceable  up 
to  the  pons  Varolii.     This  is  the 
inferior. or  descenclin;/  root  of  the 
fifth  nerve — formerly  known  as  the 
"ascending"  root.   Its  fibres  extend 
down  as  far  as  the  upper  cervical 
region  of  the  spinal  cord.  Grey 
matter  also  soon  becomes  formed 
within  the  upward  prolongations  of 
the  gracile  funiculus  (postero-mesial 
column),  and  of  the  cuneate  funi- 
culus (postero  lateral  column),  ap- 
pearing at  first  as  thin  strands  in  the 
middle  of  the  columns,  but  rapidly 
increasing  in  thickness  so  as  event- 
ually to  occupy  almost  the  whole  of 
them,andformingthetmc;eMS(/r(tci& 
and  the  nucleus  cuneatus  respectively. 
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•es  as  well  as  to  the  anterior  horns 
this  eftect  must  be  received  with 


Fig.  531. — Diaoram,  modified  kkom 

CAJAL,  TO  snow  TlllO  COURSE  OF 
THE  POSTERIOR  ROOT- FIBRES  AFTER 
ENTERING  THE  CORD.  (Schiifer.) 

O,  afferent  fibres  before  entering:  j,'atij;lion  : 
.'/.«.,  spinal  ganglion-cells  ;  </.  V.,  ganglion  of 
ijth  nerve  ;  c,  descending  branches  (forming 
comma  tract)  giving  off  collaterals  to  grey 
matter.  The  ascending  branches  are  shown 
partly  ending  in  grey  matter  of  posterior 
horn,  partly  in  the  iniolens  gracilis  (n.;/.) 
and  iniclcus  cuneatus  (ji.c.)  of  the  medulla 
oblongativ ;  «./io.,  substantia  Rolandi ;  /, 
fibres  of  fillet  arising  in  nuclei  of  medulla 
oblongata ;  e,  efferent  nerve-fibres. 
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It  is  in  these  nuclei  that  the  fibres  of  Goll's  and  Burdach's  tracts, 
which  are  continued  up  from  the  posterior  columns  of  the  spinal  cord, 
find  their  ultimate  ending  in  complicated  arborisations  amongst  the 
cells  of  the  nuclei.  These  nuclei  do  not,  however,  receive  all  the 
ascending  branches  of  the  posterior  root  fibres,  for  a  considerable 
number  of  these  have  already  disappeared  by  entering  the  grey  matter 
of  the  cord,  in  which  they  also  end  by  arborisation  amongst  its  cells. 
The  cells  of  the  nucleus  gracilis  and  nucleus  cuneatus  are  small  or  of 
moderate  size  with  long  dendrons.  Their  axons  pass  as  internal  arcuate 
fibres  through  the  reticular  formation  into  the  inter-olivary  layer,  ci'oss 
the  median  raphe  dorsal  to  the  pyramids  (fig.  531),  and  then  turn 
upwards,  constituting  the  tract  of  the  Jillet.  This  tract,  which  in  its 
lowest  part  is  thus  formed  by  the  nerve-fibres  which  belong  to  the 
second  relay  (or  second  neurones)  of  one  of  the  sensory  spinal  paths,  is 
reinforced  in  the  higher  regions  of  the  medulla  oblongata  and  in  the 
pons  by  fibres  derived  from  cells  of  the  sensory  nuclei  of  the  cranial 
nerves.  The  majority  of  its  fibres  end  in  the  lateral  nucleus  of  the 
thalamus,  but  some  pass  to  both  the  anterior  and  posterior  corpora 
quadrigemina. 

According  to  Van  Gehuchten  the  fibres  of  the  fillet  which  are  derived  from 
the  nucleus  cuneatus  lie  dorsally  to  those  which  ai'e  derived  from  the  nucleus 
gracilis. 

The  continuation  of  the  central  canal  of  the  spinal  cord  is  still  seen  in 
the  lower  medulla  oblongata  (figs.  529,  530),  but  it  comes  nearer  to  the 
posterior  surface  and  eventually  opens  out  at  the  point  of  tlie  calamus 
scriptorius  of  the  4th  ventricle  (fig.  532).  The  grey  matter  which 
surrounds  it  contains  two  well-marked  groups  of  nerve-cdls;  the 
anterior  (ventral)  of  these  is  the  lower  part  of  the  nucleus  of  the 
hypoglossal  or  twelfth  nerve,  the  posterior  (dorsal),  with  smaller  cells, 
that  of  the  vago-accessory  or  tenth  and  eleventh.  But  most  of  the  grey 
matter  of  the  crescent  becomes  broken  up,  by  the  passage  of  bundles 
of  nerve-fibres  through  it,  into  a  reticular  formation  the  production  of 
which  is  already  foreshadowed  in  the  upper  part  of  the  spinal  cord. 
Instead  of  the  comparatively  narrow  isthmus  which  joins  the  two 
halves  of  the  spinal  cord,  a  broad  raphe  now  makes  its  appearance : 
this  is  formed  of  obliquely  and  antero-posteriorly  coursing  fibres, 
together  with  some  grey  matter  containing  nerve-cells. 

In  the  section  at  about  the  middle  of  the  olive  (fig.  533),  it  will  be  seen 
that  a  marked  change  has  been  produced  in  the  form  of  the  medulla 
oblongata  and  the  arrangement  of  its  grey  matter,  by  the  opening  out 
of  the  central  canal  into  the  fourth  ventricle.  Tiiis  cau.ses  the  grey 
matter  which  lower  down  surrounded  tlie  central  canal  to  be  now 
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spread  out  at  the  flooi'  of  that  ventricle,  and  the  collections  of  nerve- 
cells  from  which  the  hypoglossal  and  vagus  nerves  respectively  arise, 
now,  therefore,  lie  in  a  corresponding  situation  near  the  ventricular 
floor.  At  this  level  the  outer  small-celled  group  which  corresponds 
with  the  nucleus  of  the  spinal  accessory  in  the  lower  part  of  the  bulb 
has  become  the  dorsal  nucleus  q/  the  vaijus  m-  tenth  nerve,  and  yet  higher 
up  the  dorsal  nucleus  of  the  (jlosso-jjharyngeal  or  ninth  nerve.  The  nerve- 
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oli\  ary  nucleus 

ext.  arcuate  fibres 


tract  of 
iillet 


pyramid " 


arcuate  nucleus  — 


¥io.  532.— Skctios  across  tuk  meuull.v  oblono.\t.\  .\t  tiik  iihnt  cji-  tuh 
CAL.\MUS  SCRII'TORTUS  OF  THE  4tii  VESTKicLK.    Magnified  (5^  diameters. 

bundles  of  the  roots  of  these  nerves  can  be  seen  in  some  of  the  sections 
(fig.  533)  coursing  through  the  thickness  of  the  bulb  and  emerging, 
tho.se  of  the  hypoglossal  just  outside  the  pyrainids,  those  of  the  vagus 
at  the  side  of  the  medulla  oblongata. 

The  posterior  part  of  the  section  is  chiefly  occupied  by  the  grey 
matter  of  the  floor  of  the  fourth  ventricle,  and  by  fibres  which  are 
passing  obliquely  upwards  and  outwards  towards  the  cerebellum, 
forming  its  inferior  crus  {restiform  body).  The  grey  matter  forming  the 
nucleus  of  the  funiculus  gracilis  and  of  the  funiculus  cuneatus  has  now 
28 
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almost  disappeared,  but  iu  place  of  them  and  near  the  outer  part  of  the 
floor  of  the  fourth  ventricle  are  seen  some  masses  of  grey  matter  with 
a  number  of  bundles  of  nerve-fibres  amongst  them.  The  grey  matter  is 
the  lower  part  of  the  principal  nucleus  of  the  vestibular  nerve  (see 
p.  443),  and  the  white  bundles  are  formed  of  descending  branches  of 
the  fibres  of  that  nerve.  Below  these  structures  is  the  descending  root 
of  the  5th,  with  its  nucleus  mesial  to  it. 


desc.  fibres  of  vestibular 
dorsal  nucleus 

of  Xth  — ^ 

fasciculus  solit.   

restiform  body 
nucl.  of  Xlltii 

subst. 
desc.  root 

subst.  gelat. 
int.  arc.  fibres 
and  nucl.  amb. 
issuing  fibres  of 
Xth 


issuing  fibres  of 
Xllth 

raphe 


siliqua  olivii- 
hilus  oli\':c 

olivary  nucleus 

ext.  arcuate  fibres 


l-t. 

pyramiil 
arcuate  nucleus  - 


Fig  533.— Section  across  the  mei)ULL.\  oblokg.^t.s,  .\t  .\BorT  thk  midi.ij 
or  THE  oLiv.MiY  DODY.    Magnified  6*  diameters. 


The  anterior  part  of  the  section  is  occupied  in  front  by  the  pyramid, 
and  behind  this  by  a  reticular  formation  {reticularis  alba),  composed  of 
longitudinally  coursing  bundles  of  fibres  belonging  mainly  to  the  tract 
of  the  /Ulel  and  to  the  dorsal  and  ventral  (posterior  and  anterior)  loiigi- 
tudinal  Imndles,  interlaced  with  internal  arcuate  fibres  that  are  passing 
across  the  raphe  from  the  nuclei  of  the  contralateral  posterior  columns 
into  the  fillet,  and  from  the  opposite  olive  into  tlie  restiform  body. 
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The  middle  portion  of  the  section  consists  for  the  most  part  of  a 
similar  reticular  formation,  but  with  more  grey  matter  and  nerve-cells 
{reticularis  grisea).  This  is  a  development  of  the  formatio  reticularis  of 
the  cervical  cord,  and  the  longitudinally  coursing  white  bundles  in  it 
are  probably  association  fibres,  derived  from  cells  in  the  upper  part  of 
the  cord.  On  the  other  hand  the  nerve-cells  of  this  grey  reticular 
formation  in  the  medulla  oblongata  give  origin  to  fibres  which  bifurc'ate 
and  pass  both  upwards,  probably  serving  as  association  fibres  for  the 
same  area  in  the  pons,  and  downwards  towards  the  upper  part  of  the 
cord.  Some  also  are  said  to  give  origin  to  fibres,  which  either  after 
traversing  the  raphe  or  passing  directly  to  the  same  side  as  arched 
fibres,  eventually  enter  the  cerebellum  through  the  inferior  peduncle 
(Van  Gehuchten). 

Ventro-laterally  is  the  olive,  within  which  is  developed  a  peculiar 
wavy  lamina  of  grey  matter  containing  a  large  number  of  nerve-cells  ; 
that  is  the  dentate  nucleus  of  the  olive.  The  lamina  is  incomplete  at  its 
mesial  aspect  {hilus  olivce),  and  here  a  large  number  of  fibres  issue,  and, 
passing  through  the  raphe,  course  as  internal  arcuate  fibres  to  the 
opposite  restifoi-m  body,  and  thus  to  the  cerebellum.  Some,  however, 
turn  sharply  round  and  course  below  the  dentate  nucleus,  forming  au 
investment  and  capsule  to  it  {siliqua  olivce),  and  pass  towards  the  resti- 
form  body  of  the  same  side :  but  tlie  main  connection  of  the  olivary 
nucleus  is  with  the  cerebellar  hemisphere  of  the  opposite  side.  The 
olives  receive  numerous  collaterals  from  the  neighbouring  white  columns, 
including  a  few  from  the  pyramids.  Just  dorsal,  or  dorso-lateral  to  the 
olive,  is  the  continuation  upwards  of  the  ventral  spina-cerebellar  bundle 
(tract  of  Gowers)  of  the  spinal  cord;  the  continuation  of  the  dorsal 
spino-cerebella/r  bwndle  (tract  of  Flechsig),  just  above  it,  is  now  passing 
into  the  restiform  body. 

A  tract  of  fibres  which  arise  within  the  thalamus  passes  over  the 
lateral  surface  of  the  nucleus  olivse  and  ends  within  its  grey  matter 
{thalamo-olivary  tract,  central  tegmental  tract  of  Bechterew).  The  cells 
of  the  dentate  nucleus  have  numerous  dendrons ;  their  axons  all  pass 
towards  the  hilus,  where  they  emerge,  and,  for  the  most  part,  cross 
the  raphe,  pierce  the  opposite  olivary  nucleus,  and  pass,  as  already 
mentioned,  into  the  restiform  body  {olivo-cerebellar  tract). 

Nerves  arising  from  the  medulla  oblongata. — -The  12th,  11th,  10th, 
9th,  and  8th  nerves  all  take  origin  in  the  medulla  oblongata,  and  their 
fibres  may  be  seen  emerging  on  either  side,  those  of  the  12  th  ventrally 
between  the  pyramid  and  olive,  and  those  of  the  other  three  nerves  in 
succession  at  the  side  of  the  medulla  oblongata  between  the  olive  and 
restiform  body. 
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The  Xllth  or  hypoglossal  nerve  arises  from  a  well-marked  nucleus 
of  larire  cells,  similar  to  those  of  the  anterior  horn  of  the  cord.  This 
nucleus  is  situated : — in  the  lower  part  of  the  bulb,  ventro-lateral  to 
the  central  canal  (fig.  530) ;  in  the  upper  part,  near  to  the  floor  of  the 
4th  ventricle,  close  to  the  middle  line  (figs.  532,  533).  None  of  the 
fibres  cross  to  the  opposite  side  ;  according  to  Van  Gehuchten,  this  is 

A  B 


Fic.  534.— Diagrams  illustkatinu  thk  okiuin  asi^  RELATroxs  of  tue 

ROOT-FIBRES  OF  THE  CR.iNDVL  NERVES. 
A.    Kffereiit  fibres  only  :  profile  view. 

B    Shows  oil  the  left  the  motor  nuclei  and  efferent  fibres  (except  those  of  the  4th  nerve), 
and  on  the  right  side  the  afferent  fibres  :  surface  view. 

true  of  all  the  cranial  nerves,  except  a  few  fibres  of  the  3rd  nerve  and 
the  whole  of  the  4th  nerve.  The  hypoglossal  nucleus  extends^through- 
out  about  the  lower  two-thirds  of  the  bulb  (fig.  534,  nXIL).  It 
receives  many  collaterals  from  adjacent  sensory  tracts  in  the  reticular 
formation  and  from  the  descending  sensory  nuclei  of  the  5th,  9th,  and 
10th  nerves,  as  well  as  from  the  posterior  longitudinal  bundle.  These 
form  a  plexus  of  fine  fibrils  within  the  nucleus  which  is  highly 
characteristic.    A  similar  plexus  is  seen  in  the  oculo-motor  nucleus. 


TITE  MEDULLA  OBLONGATA. 


437 


Mesial  to  the  hypoglossal  nucleus,  in  the  open  part  of  the  medulla 
oblongata,  is  the  rmcleus  of  the  fasciculus  teres,  a  column  of  moderate- 
sized  "cells  which  extends  towards  the  lower  margin  of  the  pons  and 
appears  to  receive  fibres  from  the  cerebellum  (Edinger). 

The  Xlth  nerve  or  spinal  accessory  begins  to  take  origin  from  cells 
in  the  lateral  part  of  the  grey  matter  of  the  spinal  cord  as  low  down 
as  the  5th  cervical  nerve.  Its  fibres  from  the  cord  (spinal  fibres)  are 
those  to  the  (voluntary)  sternomastoid  and  trapezius  muscles.  They 
pass  from  the  cells  of  origin  in  the  lateral  part  of  the  anterior  horn 
(motor  nucleus)  at  first  dorsal  wards,  and  then  take  a  sharp  bend  outwards 
through  the  lateral  column  to  emerge  at  the  side  of  the  cord  and 
medufla  oblongata.  The  bulbar  fibres  (which  join  the  vagus)  take 
origin  in  a  nucleus  of  relatively  small  cells  which  lies  dorso-laterally  to 
the" central  canal  of  the  medulla  oblongata  and  behind  the  hypoglossal 
nucleus.  This  nucleus  is  continuous  above  with  the  corresponding 
nucleus  of  the  vagus,  and  with  it  forms  the  dorsal  accessory-i^agus  nucleus 
(figs.  530,  532,  533,  534).  Below,  it  extends  nearly  as  far  as  the  first 
cervical  nerve ;  its  upper  part  (vagal  part)  is  in  the  floor  of  the  4th 
ventricle  lateral  to  the  hypoglossal  nucleus,  and  extends  nearly  as  far 
as  the  lower  border  of  the  pons.  Of  the  whole  nucleus  about  the  lower 
two-thirds,  i.e.  as  far  as  the  lower  end  of  the  calamus  scriptorius,  gives 
origin  to  fibres  of  the  accessory.  These  fibres,  as  already  stated,  join 
the  vagus,  to  which  they  supply  the  motor  fibres  of  the  thyro-arytenoid 
muscles  (Van  Gehuchten).  The  12th  and  11th  nerves  are  entirely 
eflerent. 

The  Xth  nerve  or  vagus  (pneumogastric)  contains  both  motor 
(efferent)  and  sensory  (afferent)  fibres.  Tlie  efferent  fibres  arise  (1 )  from 
the  upper  part  of  the  dorsal  accessory-vagus  nucleus  just  described, 
(2)  from  a  nucleus  of  grey  matter  containing  large  cells  situated  in 
the  reticular  formation  (figs.  533,  535,  n.amb.).  This  nucleus  begins 
near  the  lower  limit  of  the  bulb  and  extends  nearly  to  the  facial 
nucleus,  which  it  resembles  in  general  position:  it  is  known  as  the 
mtcleus  ambiguus  (ventral  nucleus  of  the  Xth  nerve).  The  axons  of  its 
cells  are  directed  at  first  backwards  and  inwards  and  then  turn  sharply 
round  in  the  lateral  direction  to  join  the  rest  of  the  issuing  fibres 
of  the  nerve,  coursing  in  tlie  same  manner  as  the  spinal  fibres  of 
the  accessory ;  indeed,  this  nucleus  is  continuous  below  with  the 
column  of  cells  from  which  those  fibres  take  origin. 

The  sensory  fibres  take  origin  in  the  ganglion  of  the  root  and  the 
yanglion  of  the  trunk  (jugular  and  i^lexiform  ganglia)  of  the  nerve,  from 
unipolar  cells  like  those  of  the  spinal  ganglia  (fig.  535,  g).  They  enter 
the  medulla  oblongata,  and  then   bifurcate,  one   branch,  a  short 
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(ascending)  one,  passing  at  once  into  the  upper  sensory  or  principal 
nucleus,  the  other,  a  long  one,  descending.  The  descending  fibres 
(with  similar  fibres  of  the  IXth  and  those  of  the  pars  intermedia  of 
the  VITth)  form  the  so-called  fasciculus  solitarius  (figs.  5.32,  53.3,  535) 
{descending  root  of  facial,  vagus,  and  glossopharyngeal),  which  is  traceable 
to  the  lower  limit  of  the  medulla  oblongata ;  they  end  in  grey  matter 
which  lies  along  its  mesial  border  {descending  nucleus  of  facial,  vagus, 
and  glossopharyngeal).  This  nucleus  approaches  the  middle  line  as  it 
descends,  and  in  some  animals  terminates  by  joining  its  fellow  of  the 
opposite  side  over  the  central  canal  to  form  the  commwsural  nucleus  of 


Fin.  535. — Pl,an  of  the  origin  of  the  XIItu  and  Xtii  servf.s. 

pyr,  p,\  raniid ;  n.XIl.,  nucleus  of  liypoglossal ;  XII.,  fibre  of  liypogloss.-il ;  (?.n..V.  XI.,  dorsal 
micleus  of  vagus  and  accessory;  n.amb.,  nucleus  anilnguus ; /.s.,  fasciculus  solitarins 
(descending  root  of  vagus  and  glossopharyngeal);  ,f.s.n.,  its  nucleus;  .V.,  emerging 
n\otor  fibres  of  vagus ;  g,  cell  in  ganglion  of  vagus  giving  origin  to  a  sensory  fibre ; 
d.V.,  descending  root  of  fifth  ;  r.,  corpus  restiforme. 

Cajal.  The  upper  sensory  nucleus  {principal  nucleus),  in  which  the 
short  branches  from  the  sensory  root  end,  lies  in  grey  matter  near  the 
floor  of  the  ventricle,  and  is  continuous  with  that  which  accompanies 
the  fasciculus  solitarius. 

The  IXth  or  glossopharyngeal  nerve  also  contains  both  efiferent  and 
afferent  fibres.  The  former  have  their  cells  of  origin  in  a  special 
nucleus  which  occupies  a  position  similar  to  that  of  the  nucleus 
ambiguus,  but  is  mesial  to  the  anterior  end  of  that  nucleus,  and  just 
below  the  nucleus  of  tlie  facial  {motor  micleus  of  glossojiharyiujeal).  The 
afferent  fibres  of  the  nerve  arise  in  the  upper  or  jugular  and  petrosal 
ganglia  from  unipolar  cells  like  those  of  the  spinal  ganglia.  Their 
central  axons  enter  the  medulla  oblongata,  and,  like  other  sensory 
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fibres,  bifurcate  into  two  branches,  ascending  and  descending.  Their 
course  is  hke  those  of  the  vagus,  the  descending  passing  down  in  the 
fasciculus  solitarius  (extending  to  about  one-third  of  its  length,  Bruce), 
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Fi(i.  536.— Section  of  mkdulla  ohl<)iS(1ata  at  thu  level  of  the  EiaiiTii 
NERVE.    Magnified  about  6  diameter.s. 

n.».,part  of  vestibular  mieleiis ;  n.IX.,  parts  of  nucleus  of  ninth  nerve;  D,  nucleus  of 
Deiters;  u,  dcscenflint;  fibres  of  vcstilnilar  nerve;  /.«.,  fasciculus  solitarius;  n.r., 
small  nucleus  in  restiforni ;  r,  restifonn  body  ;  IX..  fibres  of  ninth  nerve  ;  h.o.,  nucleus 
ambit'iuis  ;  n.  V.,  sensory  nucleus  of  fifth  nerve  ;  V.ii.,  descending  root  of  fifth  ;  ?i.c., 
part  of  dor.sal  cochlear"  nucleus  ;  Vlll.c,  cochlear  division  of  eighth  nerve;  ii.it.c. 
ventr.al  cochlear  nucleus;  n.l.,  lateral  nucleus;  o,  olivary  nucleus;  ■n.av.,  inicleiis  of 
arciform  fibres;  pi/,  IJVraniid  ;  71.//.,  grey  matter  in  floor  of  4th  ventricle;  n.XlI., 
nucleus  of  twelfth';  VIII',  fibres  of  cochlear  nerve  entering  raphe;  p.l.,  posterior 
longitudinal  bundle;  r,  raphe;  a.l.,  anterior  longitudinal  bundle;  <i.o.,  accessory 
olivarv  tiucleus ;  h.o.,  fibres  issuing  from  the  hilus  of  the  oli\  e  ;  /,  fibres  of  fillet, 
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and  ending  by  arborising  in  the  grey  matter  accompanying  it  (deacend- 
iny  root  and  nucleus),  while  the  ascending  branches  pass  nearly 
horizontally  backwards  and  inwards  to  a  nucleus  (principal  nucleus) 
beneath  the  inferior  fovea  of  the  floor  of  the  ventricle  which  is  con- 
tinuous with  the  upper  end  of  the  nucleus  of  the  descending  root.  The 
arrangement  is  almost  exactly  a  counterpart  of  that  of  the  vagus 
shown  in  the  diagram  given  in  fig.  .5.35. 

According  to  Edinger  the  sensory  nuclei  of  these  nerves  receive  fibres  from 
the  cerebellum  constituting  a  cerehello-hidliar  tract,  which  is  niucli  better 
marked  iu  lower  vertebrates  than  in  man  and  mammals. 


Fic.  537.  Transverse  section  of  the  tpper  part  of  the  MEDrLi,A 

OBLONGATA.  \.  (Schwalbe. ) 
VV  WTaniid :  o,  olivary  nucleus ;  F,  desceiuliiie  root  of  the  fifth  nerve :  lV/7.,  root  of 
tlie  auditorv  nerve,'  fonned  of  two  imrts,  a,  ooohlear,  and  h,  vestibular,  which  inclose 
the  restiforin  body,  c.r.  ;  n.Vlllp.,  principal  nucleus  of  the  vestibular  division; 
11  VII lac  ,  x  entral'or  accessory  nucleus  of  the  cochlear  division ;  g.  dorso-lateral  nucleus 
of  the  cochlear  division  ;  n.f.i,  nucleus  of  the  funiculus  teres  :  n.\ H.,  nucleus  of  the 
hj-poglossal ;  r,  rajihe  ;  f.r.,  reticular  formation. 

The  Vllltli  nerve. — A  section  taken  through  the  npprrmost  part  of  the 
olivary  pi-ominence  will  still  .show  very  mucli  the  same  form  and 
structural  arrangements  as  that  just  described  (fig.  536).  The  nucleus 
of  the  hypoglossal  (figs.  536,  537,  n.XII.)  is  still  visible  in  tliegrey  matter 
of  the  floor  of  the  ventricle  near  the  middle  line,  but  the  nerve  which 
is  now  seen  connected  with  the  lateral  part  is  the  eighth  or  auditory 
{VIII.),  the  bundles  of  which,  as  they  enter  the  bulb,  embrace  the 
inferior  crus  of  the  cerebellum  (rorims  resti/orme,  c.r.),  which  is  now 
pa.ssing  into  that  organ.    The  origin  of  the  eighth  7ie9-ve  is  thus 
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subdivided  into  two  principal  parts,  known  respectively  as  the  dorml  or 
cochlear  and  the  ventral  or  vestibular  divisions  (fig.  537). 

The  real  origin  of  the  nerve  fibres  in  these  roots  is  in  the  gamjhon 
of  the  cochlea  and  the  gamilion  of  Scarpa  respectively.  These  ganglia, 
which  are  situated  at  the  periphery  witliin  and  near  the  internal  ear, 
are  composed  of  bipolar  cells,  of  which  the  peripheral  axons  end  by 
ramifying  amongst  the  cells  of  the  auditory  epithelium,  and  the 
central  axons  form  the  cochlear  and  the  vestibular  divisions  of  the 
auditory  nerve  and  pass  into  the  medulla  oblongata  in  the  manner 
here  described. 


tui.ac, 


FIBRES  TO  NUCL.LEMNISCI 
&CORPORA  QUADRIGEMINA 


NERVE-ENDINGS 

IN  ORGAN  OF  CORTI 

Flfl.  538.— PI-.AN  OF  THE  C0UR3K  AND  CONNECTIONS  OF  TIIK  FITIKKS  FORMTNd 
THE  C!OCTII-F.AR  ROOT  OF  THE  AUDTTORV  NERVK. 
r  restitonii  bodv ;  I'.,  descending  root  of  tlie  fifth  nerve  ;  tub.ac,  tulierciiluni  acnstiouni ; 
'    n.acc,  accessorv  nucleus;  u.o.,  suiierior  olive;  n.tr.,  nucleus  of  tr.apeziuiii ;  n.  I  J., 
nucleus  of  sixthnerve  ;  I'A,  issuiiif?  root  fllire  of  sixth  nerve. 

The  fibres  of  the  dorsal  or  coclilear  division  (cochlear  nerve) 
bifurcate  as  they  enter  the  medulla  oblongata.  Each  fibre  divides 
into  a  thick  and  a  thin  branch.  The  thicker  branches  pass  partly  to 
a  mass  of  ganglion  cells  which  is  wedged  in  between  the  two  roots  and 
the  restiform  body,  and  is  known  as  the  ventral  or  accessory  auditory 
nucleus  (figs.  537,  538,  n.acc),  applying  themselves  with  a  peculiar  form 
of  terminal  arborisation  to  the  cells  of  this  nucleus ;  partly  over  the 
restiform  body  to  terminate  in  a  prominent  mass  of  grey  matter  which 
overlies  that  body,  and  also  extends  to  the  lateral  part  of  the  floor  of  the 
fourth  ventricle  at  its  widest  part  (dorso-laternl  nucleus,  tubercnlum 
aeusticum).  The  cells  of  the  tubercle  have  a  peculiar  spindle  siiape  and 
are  set  vertically  to  the  surface.    They  appear  to  begin  in  the  root 
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itself,  lying  amongst  the  fibres  of  the  nerve.  Here  they  are  sometimes 
spoken  of  as  forming  the  "  ganglion  of  the  root."  The  thinner  branches 
of  the  bifurcated  cochlear  fibres  pass  downwards  for  a  certain  distance 
and  break  up  into  a  plexus  of  fine  fibrils. 

These  two  nuclei,  viz.,  the  accessory  nucleus  and  the  acou.stic 
tubercle,  are  the  nuclei  of  ending  of  the  cochlear  fibres.  From  their 
nerve-cells  new  fibres  arise  which  continue  the  auditory  path  centrally 
(see  fig.  538).  Those  from  the  accessory  nucleus  enter  the  trapezium 
— which  consists  of  transverse  fibres  running  behind  tiie  pyramid 
bundles  of  the  pons  Varolii— and  pass  in  it  partly  to  the  superior 
olive  and  trapezoid  nucleus  of  the  same  side  of  the  pon.s,  but  mostly 
to  the  corresponding  structures  on  the  opposite  side.  Some  end  in 
those  nuclei,  but  others  merely  traverse  them,  giving  off  numerous 
collaterals  to  them  and  to  the  superior  olives  and  other  nuclei  close 
by  (see  p.  448),  and  then  turn  upwards  in  the  lateral  part  of  the 
tract  of  the  fillet  to  pass  ultimately  towards  the  inferior  corpora 
quadrigemina;  in  tending  towards  these  structures  at  the  side  of  the 
mid-brain  they  form  the  lateral  fillet,  or  fillet  of  Reil,  which  is  there 
conspicuous.  Some  of  the  fibres  from  the  cells  of  the  accessory 
nucleus  do  not  pass  directly  to  the  trapezium,  but  first  curve  round 
the  restiform  body  (Held) ;  these  form  the  most  dorsally  situated  fibres 
of  the  trapezium.  The  fibres  which  arise  in  the  acoustic  tubercle  pass 
for  the  most  part  over  the  floor  of  the  fourth  ventricle,  where  they 
are  seen  superficially  as  the  medullary  or  acoustic  stria;,  and  entering 
the  raphe,  traverse  it  from  behind  forwards,  and  then  join  the  others 
from  the  accessory  nucleus  in  their  course  to  the  superior  olive  and 
lateral  fillet  of  which  they  constitute  the  deeper  layer.  A  few  fibres 
are  directed  into  the  fillet  of  the  same  side  as  their  cells  of  origin. 

Edinger  states  that,  at  least  in  the  dog,  all  the  fibres  of  the 
trapezium  end  in  its  nucleus  or  in  the  superior  olivary  nucleus,  the 
central  acoustic  path  being  wholly  continued,  so  far  as  the  trapezium 
fibres  are  concerned,  by  fresh  neurones,  the  cell-bodies  of  which  lie  in 
those  nuclei,  and  the  axons  of  which  pass  into  the  lateral  fillet.  On 
the  other  hand,  from  the  cells  in  the  tuberculum  acu.sticum,  the  axons 
are  said  to  be  continued  upwards  in  the  opposite  lateral  fillet  without 
the  intervention  of  any  corresponding  nuclei.  The  lateral  fillet  passes 
above  into  the  posterior  colliculus  of  the  mid-brain. 

The  accessory  nucleus  also  receives  fibres  from  tlie  trapezium,  which 
end  by  ramifying  amongst  its  cells.  These  are  perhaps  derived  from 
the  accessory  nucleus  of  the  opposite  side. 

Both  sets  of  fibres  (from  the  accessory  nucleus  and  tuberculum)  give 
off  collaterals  near  their  origin,  which  terminatxi  within  these  nuclei. 
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The  ventral  or  vestibular  division  (vestibular  nerve),  which  enters 
a  little  in  front  of  (above)  the  cochlear  division,  passes  between  the 
restiform  body  and  the  descending  root  of  the  fifth  (fig.  537),  to  enter 
a  mass  of  grey  matter  containing  for  the  most  part  cells  of  small  size, 
which  is  termed  the  principal  or  dorsal  nucleus  of  the  vestibular 
division  Here  each  of  its  fibres  divides  with  a  Y-shaped  division 
into  an  ascending  and  a  descending  branch  (fig.  539).  The  descending 
branches  are  collected  into  small  bundles  (desrending  vestibular  roof) 
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Fid.  539.— Pi.AK  or  Tim  course  and  connections  of  the  fibres  formino 
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r.,  restiform  body;  V.,  dcseeiuling  root  of  fittl.  nerve;  cells  of  principal  ""^^^^°[ 
vestibuKar  root ;  rf,  fibres  of  desceiulinK  vestil)ular  root ;  n.d.,  a  cell  of  the  descending 
vestibular  nucleus;  Z).,  cells  of  nucleus  of  Deiters;  /.',  cells  of  nucleus  of  Uecliterew  ; 
».(.,  cells  of  nucleus  tecti  (fastifcii)  of  the  cerebellum;  p.l.b.,  Hbres  of  the  imsterior 
loniritudinal  bundle.  No  attempt  has  been  made  in  this  diat^ram  to  represent  the 
actual  positions  of  the  several  nuclei.  Thus  a  large  part  of  Deiters'  nucleus  lies  dorsal 
to  and  in  the  immediate  vicinity  of  the  restiform  body. 

which  run  downwards  towards  the  lower  part  of  the  medulla  oblongata, 
and  gradually  end  by  arborising  around  cells  in  the  adjacent  grey 
matter  {descending  vestibular  nucleus),  which  is  continued  down  from  the 
principal  nucleus.  The  ascending  branches  pass  upwards  on  the  inner 
side  of  the  restiform  body  towards  the  nucleus  tecti  of  the  cerebellum. 
In  their  course  they  give  off  numerous  collaterals  which  arborise  round 
the  large  cells  of  two  nuclei  which  occur  in  this  part  of  the  medulla 
oblongata  and  pons  near  the  outer  part  of  the  floor  of  the  fourth 
ventricle.  These  two  nuclei  are  termed  the  nucleus  of  Deiters  and  the 
micleus  of  Bechterew  respectively  (fig.  539). 
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Van  (Jeliuchteii  states  that  the  uucleus  of  Becliterew  alone  receives  fibres 
from  the  ascending  brandies  and  that  all  the  otlier  nuclei  (dorsal,  descending, 
and  nucleus  of  Deiters)  are  furnished  with  fibres  fi'onj  the  descending 
branches. 

The  nucleus  of  Deiters  is  especially  characterised  by  the  large  size 
of  its  cells  and  by  the  manner  in  which  they  are  enveloped  as  by  a 
basket  work  by  the  ramifications  of  the  collaterals  in  question.  From 
these  cells  fibres  arise  which  pass  to  the  posterior  longitudinal  bundles 
of  both  sides  :  in  these  the  fibres  bifurcate  (Cajal),  one  branch  passing 
upwards  to  the  oculomotor  nucleus  and  giving  off  collaterals  to  the 
nucleus  of  the  sixth  nerve,  and  the  other  downwards,  eventuallj- 
reaching  the  anterior  column  of  the  spinal  cord  (antero  lateral 
descending  tract)  and  terminating  by  arborisations  amongst  the  cells  of 
the  anterior  horn  (see  p.  417).  By  means  of  the  collateral  fibres  whicli 
supply  the  sixth  and  oculomotor  nuclei  it  is  probable  that  the  conjugate 
movements  of  the  two  eyes  are  brought  about.  Fibres  have  also  been 
described  as  passing  from  Deiters'  nucleus  to  the  nucleus  tecti  of  the 
cerebellum.  Owing  to  its  connections  with  the  semicircular  canals, 
the  cerebellum,  the  oculomotor  nuclei,  and  the  nuclei  in  the  anteiior 
horn  of  the  spinal  cord,  this  nucleus  has  important  functions  in 
connection  with  co-ordination  of  head  and  eye  movements  and 
equilibration  in  general. 

The  fibres  which  originate  in  the  nucleus  of  Becliterew  pass  into 
the  reticular  formation  and  become  longitudinal,  but  their  destination 
is  not  certainly  known.  Some  are  said  to  pass  into  the  anterior 
column  of  the  cord. 

The  reticular  formation  still  occupies  the  greater  part  of  each  lateral 
half  of  the  bulb  between  the  grey  matter  at  the  floor  of  the  fourth 
ventricle  and  the  pyramids,  and  a  small  portion  of  the  olivary  nuclen-i 
may  still  be  seen,  as  may  also  the  descending  root  of  the  fifth  nerve 
with  its  adjacent  grey  matter. 

The  restiform  body  is  formed  partly  of  tlie  fibres  of  the  cerebellar 
tract  of  Flechsig  of  the  same  side,  which  are  derived  below  from  the 
cells  of  Clarke's  column,  and  pass  above  into  the  middle  lobe  of  the 
cerebellum,  partly  of  fibres  from  the  opposite  olivary  nucleus,  and 
partly  of  fibres  from  the  olivary  nucleus  of  the  same  side.  The  olivary 
fibres  pass  mainly  to  the  cerebellar  hemisphere.  According  to  some 
authorities  the  restiform  body  contains  fibres  derived  from  the 
nucleus  gracilis  and  nucleus  cuneatus  of  the  opposite  side.  It 
is  said  also  to  receive  some  fibres  from  a  nucleus  wliich  lies  just 
outside  the  main  mass  of  grey  matter  of  the  funiculus  cnnoatus.  and 
is  known  as  the  o?t/er  cuneate  nnchitis. 
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The  floor  of  the  fourth  ventricle  is  covered  by  a  layer  of  ciliated 
epithelium-cells,  continuous  below  with  those  lining  the  central  canal 
and  above,  through  the  Sylvian  aqueduct,  with  the  ep^thehum  of  he 
third  and  lateral  ventricles.  The  epithelium  rests  upon,  and  its  cells 
assist  in  forming,  a  layer  of  neuroglial  tissue  known  as  the  epe^^yma 
of  the  ventricle.  The  fourth  ventricle  is  roofed  over  by  a  layer  ot 
pia  mater,  with  projecting  choroid  plexuses,  the  under  surface  of  which 
fs  covered  by  a  thin  epithelial  layer  continuous  at  each  side  with  the 
ciliated  epithelium  of  the  floor.  The  roof  becomes  somewhat  thickened 
as  it  is  continued  into  the  ependymal  layer  of  the  floor  of  the  ven- 
tricle; this  thickened  part  {tenia  or  ligula,  flgs.  532,  533),  is  often  left 
attached  when  the  thin  epithelial  roof  is  removed  along  with  the  pia 
mater  which  cavers  it. 
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LESSONS  XLII.  AND  XLIII. 

THE  PONS  VAROLII,  MESENCEPHALON,  AND 
THALA  MENCEFHALON. 

1.  Sections  through  the  lower,  middle,  and  upper  parts  of  the  pouH  Varolii. 

2.  Sections  aci'oss  the  l  egiou  of  the  corpora  quadi'igemina,  one  at  the  level 
of  the  inferior,  the  other  at  the  level  of  the  superioi',  pair. 

3.  A  section  across  the  posteiior  part  of  the  thii'd  ventricle  passing 
through  the  optic  thalami. 

In  all  the  above  sections  sketch  under  a  low  jjowei'  the  general  airange- 
meut  of  the  grey  and  white  matter,  insei-tiug  the  positions  of  the  chief 
gi'oups  of  nerve-cells. 

[The  tissue  is  hardened  and  the  sections  aie  piepaied,  stained,  and 
mounted  in  the  same  way  as  the  spinal  cord  and  medulla  oblongata.] 


THE  PONS  VAROLII. 

Sections  through  the  lower  part  of  the  pons  (fig.  540)  show  much 
the  same  arrangement  of  grey  and  white  matter  as  that  met  with 
at  the  upper  part  of  the  medulla  oblongata,  but  the  general  appearance 
of  the  sections  is  much  modified  by  the  pi'esence  of  a  large  number  of 
transversely  coursing  bundles  of  nerve-fibres,  most  if  not  all  of  which 
are  passing  to  the  hemispheres  of  the  cerebellum  (fibres  of  middle 
peduncle  of  cerebellum). ^  Intermingled  with  these  bundles  is  a 
considerable  amount  of  grey  matter  {nuclei  pontis)  from  the  cells  of 
which  the  fibres  of  the  middle  peduncle  (of  the  opposite  side)  are 
derived.  Amongst  the  cells  of  the  nuclei  pontis  many  collaterals  of 
the  pyramid-tracts  end,  and  the  cortico-pontine  fibres  (see  below) 
also  terminate  here ;  thus  forming  a  connection  between  the  cerebral 
hemisphere  of  the  one  side  and  the  opposite  cei-ebellar  hemisphere.  The 
continuation  of  the  pyramids  of  the  medulla  oblongat-a  (fig.  540,  ;^j/)  is 
imbedded  between  the  transverse  bundles  of  the  pons,  but  the  pyramid 
bundles  of  the  pons  are  much  larger  than  the  pyramids  of  the  medulla 
oblongata,  and,  in  addition  to  fibres  of  the  pyramid-tract  proper 
(co7-lico-spinal  system),  derived  from  the  motor  area  of  the  cortex, 
they  are  largely  composed  (especially  the  postero-lateral  bundles)  of 
fibres  (cortico-pontine  system)  connecting  other  regions  of  the  cortex  with 

1  Some  of  the  most  anterior  of  these  peduncular  fibres  often  form  a  detached 
bundle  which  is  known  as  the  Uenia  pontis. 
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this  part  of  the  liind-brain.  The  pyramid  bundles  are  separated  from 
the  reticular  formation  by  deeper  transverse  fibres,  which  belong  to 
a  different  system  from  those  of  the  middle  peduncle.  They  form 
what  has  already  been  referred  to  as  the  traixziiuu  (figs.  538,  540) ;  a 
collection  of  fibres  which  forms  part  of  the  central  auditory  path,  and 
some  of  which  appear  to  be  commissural  between  the  auditory  nuclei 


(fL. 


Fio.  540.— Tka>svekse  suction  turougii  tiik  luwkkmost  i-akt  of  tuk 
roNS  v.VKOLii.    t-    Fi'oni  a  iihotograph. 

e  IV  fourth  ventricle ;  c,  white  matter  of  cerehellar  hemispliere  ;  c.rf.,  corpus  dentatuiu  ; 
fi,  flocculus  •  c  r  ,  conjus  restifornie  ;  R,  hundle  of  Roller,  couiimsed  of  the  descendnij; 
branches  of  the  vestibular  nerve  ;  O,  nucleus  of  Deiters  ;  Vlll.,  issuing  root  of  auditory 
nerve-  ry/Z^.d.,  princiijal  or  dorsal  nucleus  of  the  vestibular  nerve;  I  7//.!).,  nucleus 
of  cochlear  portion;  Jr.,  trapezium;  n.tr.,  its  nucleus;  /,  fillet;  p.l.h.,  ™sterior 
lonL'itudinal  bnndle ;  f.r.,  fonuatio  reticularis;  n,  ii',  n",  various  nuclei  within  it ; 
V.a  ,  descendintt  root 'of  fifth  ner\  e ;  n.ff.,  substantia  t'elatinosa ;  s.o.,  sunerior  olive  ; 
Vn.,  issuini,'  root  of  facial  nerve;  n.VlI.,  its  nucleus;  VI.,  root-bundles  of  si.\th 
nerve  ;  pij,  pyramid  bundles  ;  n.j)-,  nuclei  pontis. 

of  the  two  sides.  The  fibres  of  the  trapezium  traverse  a  collection  of 
nerve-cells  which  lies  mesial  and  ventral  to  the  superior  olivary 
nucleus,  and  is  known  as  the  nucleus  of  the  trapezium  (fig.  538,  7i.tr.). 

This  nucleus  is  characterised  by  tlie  peculiar  chalico-like  synapses  (see 
fig.  207)  which  the  entering  axons"  of  the  larger  acoustic  fibres  form  with 
the  cell-bodies  (Held).  According  to  Cajal  these  largo  lilires  are  continued 
directly  from  the  root-fibres  of  the  cochlear  nerve,  and  are  not  derived  from 
the  cells  of  its  accessory  nucleus. 
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Tlie  oli\'aiy  nucleus  is  no  longer  seen,  but  there  are  one  or  two 
small  collections  of  grey  matter,  more  conspicuous  in  some  animals 
than  in  man,  which  lie  in  the  ventral  part  of  the  reticular  formation,  and 
are  known  as  the  superior  olivary  uudens  (o.s.),  the  pre-olivary  nucleus, 
and  the  semilunar  nucleus  (Cajal).  All  these,  as  well  as  the  nucleus  of 
the  trapezium  itself,  are  connected  with  the  fibres  of  the  trapezium 
which  form  the  central  auditory  path,  some  of  these  fibres  either  ending 
in  the  nuclei  in  question  or  giving  ofi'  to  them  numerous  collaterals ; 
whilst  from  the  cells  of  the  nuclei  axons  pass  into  the  trapezium  or 
into  the  adjacent  lateral  part  of  the  fillet.  On  the  other  hand,  the 
superior  olive  is  said  to  receive  fibres  fi-om  the  posterior  colliculi 
of  the  corpora  quadrigemina.  The  nucleus  of  Deiters,  which  begins  to 
appear  iu  the  upper  part  of  the  medulla  oblongata,  where  it  has 
been  already  studied  (p.  444),  extends  into  the  pons  Varolii,  where 
it  lies  near  the  floor  of  the  fourth  ventricle,  a  little  mesial  to  the  resti- 
form  body  (Z>,  fig.  540).  The  nerve-fibres  connected  with  its  cells  pass 
towards  the  middle  line  and  enter  the  posterior  longitudinal  bundle. 
Here,  as  already  stated,  they  divide,  one  branch  passing  upwards  in 
the  bundle  and  terminating  by  arborescence  chiefly  in  the  opposite 
oculomotor  nucleus :  the  other  branch  extending  downwards  in  the 
medulla  oblongata  and  cord.  In  the  spinal  cord  they  are  found  in 
the  antero  lateral  descending  tract ;  fibres  from  each  nucleus  of 
Deiters  occur  in  both  of  these  tracts  (E.  H.  Fraser).  They  terminate 
by  arborescence  in  the  anterior  horn  of  the  spinal  cord. 

The  nerves  which  enter  or  emerge  from  the  grey  matter  of  this  region 
of  the  brain  are  part  of  the  eighth,  the  seventh,  the  sixth,  and  somewhat 
higher  up  the  fifth  cranial  nerves.  Of  these  the  eighth  (already 
considered)  and  fifth  are  connected  with  groups  of  nerve-cells  which 
occupy  the  grey  matter  opposite  the  e.xternal  border  of  the  floor  of 
the  ventricle;  the  sixth  with  a  nucleus  which  is  also  placed  in  the 
grey  njatter  of  the  floor  of  the  ventricle  but  nearer  the  middle  line, 
and  the  seventh  with  a  special  nucleus  which  lies  in  the  formatio 
reticularis. 

The  Vllth  or  facial  nerve  and  the  nerve  of  Wrisberg  (pars 
intermedia). — The  motor  fibres  of  the  seventh  nerve  arise  from  the  facial 
nucleus  (in  the  formatio  reticularis)  which  is  homologous  with 
the  nucleus  ambiguus  seen  in  sections  of  the  medulla  oblougatii.  It  has 
been  shown  that  the  motor  fibres  to  the  stapedius  ari.se  from  the  mesial 
part  of  the  nucleus  and  then  in  succession  those  of  the  external  ear 
muscles,  those  of  the  mouth  and  face,  and,  finally,  from  a  group  of  cells 
situated  dorsally  to  the  rest,  the  motor  fibres  supplied  by  the  superior 
branch  of  the  nerve  (Marinesco,  Van  Gehuchten).    From  the  nucleus  of 
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origin  the  fibres  first  pass  obliquely  backwards  to  the  fiuor  of  the 
ventricle,  then  longitudinally  upwards  for  a  short  distance  (figs.  534,  A, 
541),  and  finally  bend  obliquely  forwards  and  downwards  to  emerge 
between  the  transverse  fibres  at  the  side  of  the  pons.  None  of  its 
fibres  are  derived  from  the  nucleus  of  the  sixth,  as  has  sometimes  been 
supposed.  As  it  curves  over  this  nucleus  it  gives  off  a  bundle  of 
fine  fibres  which  cross  the  raphe,  but  their  destination  is  unknown. 
The  nucleus  of  the  facial  receives  collaterals  from  the  adjacent  sensory 
tracts  in  the  formatio  reticularis. 


Fid.  341.— Pl.an  (tkansvkkse)  or  the  okioin  i>f  tiik  sixth  and  shvunth 

NKKVES. 

r/.,  sixth  nerve;  W/.,  seventh  nerve;  a. F//.,  ascericUns;  part  of  root  of  seventh  shown 
flit  auross  near  the  floor  of  the  fourth  ventricle;  g,  (fenu  of  seventh;  n.  1'/.,  chief 
nucleus  of  the  sixth  nerve  ;  it'.  VI.,  accessory  nucleus  of  sixth  ;  n.  1'//.,  nucleus  of 
seventh;  d.  1'.,  descending  root  of  fifth;  j;i/r. ,  pyramid  bundles  ;  VI 1 1. v.,  vestibular 
root  of  eiffhth  nerve. 

The  facial  is  not  a  purely  motor  nerve,  but  has  a  ganglion  upon  it  of 
the  spinal  type  {geniculate  ganglion)  from  which  fibres  arise  (fig.  534,  B) 
which  pass  centrally  into  the  pars  intermedia  of  Wrisberg,  which  enters 
the  pons  between  the  seventh  and  eighth  nerves,  and  the  fibres  of  which 
bifurcate  into  ascending  and  descending  branches  like  other  sen.sory 
nerves ;  the  descending  branches  pa.ss  into  the  solitary  bundle  and  end 
like  those  of  the  glossopharyngeal  in  the  upper  part  of  its  accompany- 
ing grey  matter.  The  peripheral  axons  of  the  cells  of  the  geniculate 
ganglion  pass  into  the  large  superficial  petrosal  and  chorda  tympani — 
to  which  they  probably  furnish  gustatory  fibres.  Other  (efferent)  fibres 
pass  iuto  the  pars  intermedia  and  ultimately  into  the  chorda  tympani 
from  certain  large  cells  which  occur  in  the  dorsal  part  of  the  facial 
29 
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nucleus.  These  are  probably  the  salivary  and  vasodilator  fibres  of  the 
chorda. 

The  VI th  nerve  (abducens). — The  fibres  of  the  sixth  iterve  (figs.  534, 
541),  which  are  purely  motor,  pass  out  from  the  mesial  aspect  of  the 
nucleus  and  turn  forwards ;  traversing  the  pyramid  bundles  they 
emerge  at  the  lower  margin  of  the  pons.  A  few  fibres  are  derived  from 
a  small  ventral  nucleus  lying  near  the  nucleus  of  the  facial-;  these  run  at 


sup.  cerebellar 
peduncle 

locus  eu'!  ii!i  1- - 


acu.  motor  root  of  Vth  ■ 
motor  iiucl.  of  Vth 


ui.  ter. 


sensory  nucl.  of  Vth 


sen.  root  fibres  of  Vth  f 
nucl.  in  tegmentum 
jjrej'  matter  lateral 


to  fillet 


■ai  — r- 

et  ^ 
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—  of  Vth 

—  post.  lonf.  bun 

-  aut  long.  buiM 

-  rub. -spin,  trad 


white  matter  of  cere- 
bellar hemisphere 


Vth  nerve- 


fibres  of  pons 
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fillet 


trapezium 

fibres  of  pons 
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pyramid  bundli 
nuclei  irontis 

filires  of  I'ons 


Fill.  542. 


-Section  .\ cross  the  middle  of  the  pons  v.vkolii. 
about  4  diameters. 


Magnified 


first  backwards  and  then  turn  forwards  to  join  the  others  (A'an 
Gehuchten)  (fig.  541,  n'.  VI.). 

The  Vth  or  trigeminal  nerve  emerges  at  the  side  of  the  pons  in  two 
roots,  a  smaller  motor  and  a  larger  sensory. 

The  motor  root  is  derived  partly  from  fibres  which  arise  in  the  upper 
part  of  the  pons  and  lower  part  of  the  mesencephalon  from  large 
spherical  unipolar  nerve-cells  lying  at  the  side  of  the  grey  matter 
bounding  the  Sylvian  aqueduct  {accessori/  or  superior  motor  nucleus  of 
fifth,  fig-  534,  nVvis;  fig.  543,  mn.V.),  partly  from  the  motor  nucleus 
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jn-oper  (figs.  534,  nVm;  -543,  mn.V.)  which  lies  in  the  grey  matter  at 
the  lateral  edge  of  the  fourth  ventricle  (fig.  542).  As  they  pass  the 
motor  nucleus  proper  the  fibres  from  the  superior  or  accessory  nucleus 
give  off  into  it  a  large  number  of  collaterals  which  ramify  between  and 
around  its  cells. 

The  fibres  of  the  sensory  root  are  derived  from  the  cells  of  the 
Gasserian  ganglion  which  are  homologous  with  the  cells  of  the  spinal 


Fui.  543. — Pl..\N  <)F  THE  ORIfJIN  OF  THE  FIIIKES  OF  THE  FIFTU  KEKVE. 

G,  Gasserian  gainflion ;  a,  b,  «',  tliree  divisions  of  the  nerve;  m'.n.V.,  superior  motor 
nucleus;  m.n.\'.,  princiiial  motor  nucleus;  p.g.ii.V.,  iirincipal  sensory  nucleus; 
d.s.n.V.,  rtesceniiint'  sensory  luicleus ;  d.n.V.,  descendinj?  root;  c.V.,  c'.V.,  central 
sensory  tracts  composed  of  fibres  emanatinf;  from  the  sensory  miclei  ;  i;  plane  of 
tlie  raphe. 

ganglia.  These  fibres  of  the  sensory  root  when  traced  into  the  pons 
are  found  to  bifurcate,  the  ascending  branches  ending  in  a  mass  of 
grey  matter  {principal  sensory  nncleus  of  the  Ji/th,  fig.  543,  p.s.n.  V.) 
lying  just  lateral  to  the  motor  nucleus,  -while  the  descending 
branches  trend  downwards  into  the  medulla  oblongata  where  they  form 
the  descending  or  spinal  root  of  the  fifth  (fig.  543,  d.s.  V.) ;  some 
even  reacli  the  upper  part  of  the  spinal  cord.  They  lie  immediately 
lateral  to  and  in  close  connection  with  the  substantia  gelatinosa  Rolandi 
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wliich  forms  the  inferior  sensory  nucleus  (d.s.n.V.),  and  which  is  con- 
tiiuiecl  above  into  the  principal  nucleus.  The  substantia  gelatino.sa 
which  forms  the  sensory  nucleus  of  the  fifth  contains  numerous 
nerve-cells,  both  small  and  large ;  many  of  the  small  cells  are  grouped 
into  nest-like  clusters  {islands  o/Calleja).  The  axons  of  the  larger  cells 
pass  for  the  most  part  across  the  raphe  to  the  formatio  reticularis  of 
the  opposite  side,  where  they  reinforce  the  ascending  fibres  of  the 
intermediate  fillet,  but  some  ascend  in  the  fillet  of  the  same  side,  and 
others  pass  to  a  special  ascending  bundle  of  fibres  on  the  opposite  side  of 
the  raphe  which  lies  nearer  the  floor  of  the  fourth  ventricle,  and  in  the 
tegmentum  of  the  mid-bi'ain  lies  lateral  to  the  posterior  longitudinal 
bundle  ;  hence  it  is  continued  upwards  into  the  thalamus.  Collaterals 
are  given  off  from  these  ascending  fibres  to  the  adjoining  grey  matter, 
and  especially  to  the  nucleus  of  the  facial  nerve.  Branches  also  pass 
downwards  into  the  formatio  reticularis. 

Descending  tracts  in  the  pons  and  medulla  oblongata.— Besides  the 
fibres  of  the  pyramids,  which  are  much  more  numerous  in  the  pons 
than  in  the  medulla  oblongata,  and  which  send  numerous  collaterals 
into  the  grey  matter  of  the  nuclei  pontis,  there  are  several  other 
descending  tracts  of  fibres  in  the  pons  and  medulla  oblongata.  One  of 
these,  which  lies  mesial  to  the  fillet  (see  next  page),  consists  of  fibres 
(cortico-bulbar)  passing  from  the  motor  cortex  towards  the  nuclei  of  the 
facial  and  hypoglossal.  In  the  crusta  of  the  mid-brain  these  fibres  He 
mesial  to  the  ordinary  pyramid  fibres,  but  they  then  leave  the  latter 
and  pass  into  the  ventral  part  of  the  tegmentum  and  are  continued  down- 
wards in  the  formatio  reticularis  into  the  medulla  oblongata.  Another 
bundle,  consisting  of  both  ascending  and  descending  iibres  (restibido- 
motor),  is  very  distinct,  just  ventral  to  the  grey  matter  of  the  floor  of 
the  fourth  ventricle,  near  the  middle  line;  this  is  the  dorscd.  or  posterior 
longitudinal  bundle.  As  already  noticed  it  connects  Deiters'  nucleus 
with  the  oculomotor  nucleus,  the  nucleus  of  the  sixth,  and  the  anterior 
horn  cells  of  the  spinal  cord ;  it  probably  also  receives  fibres  from  the 
axons  of  the  large  cells  of  the  formatio  reticularis. 

Other  descending  tracts  in  the  pons  which  are  not  so  distinctly 
marked  in  the  normal  condition,  but  which  can  be  traced  by  the 
methods  of  Waller  and  Flechsig,  are  :-l.  Moimkmv's  Imiidle :  ±  The 
anterior  longitudinal  bundle ;  3.  The  ponio-spimd  lateral  tract  ■  4.  The 
vestibulospinal,  tract;  5.  The  central,  tract  erf  the  tegmentnin. 

Monakow's  bundle  or  the  rubrospinal  tract  has  already  been  seen  as 
the  prepyramidal  tract  of  the  spinal  cord  (p.  417).  Its  fibres  arise 
from  the  cells  of  the  red  nucleus  of  the  mid-brain  of  the  opposite 
side    crossing  the  raphe  in  Forei's  decussation  (p.  461,  footnote). 
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In  the  upper  part  of  the  pons  it  is  dorsal  to  the  mesial  fillet,  but 
lower  down  runs  in  the  lateral  part  of  the  tegmentum,  dorsal  to  the 

lateral  fillet.  . 

The  anterior  longitudinal  bundle  (tectospinal  tract)  consists  ot  fibres 
which  arise  in  the  opposite  superior  quadrigeminal  body,  these  cross 
the  raphe  in  Meynert's  decussation  (p.  461),  and  run  down  ventral  to 
the  posterior  longitudinal  bundle,  giving  off"  collaterals  to  the  oculo- 
motor nuclei  and  the  nuclei  of  the  fourth  and  sixth  nerves  as  they 
descend.  Its  fibres  eventually  mix  with  those  of  the  posterior 
longitudinal  bundle,  and  pass  into  the  anterior  column  of  the  cord, 
joining  the  antero-lateral  descending  tract  (p.  417). 

The  ponto-spinal  lateral  tract  is  formed  of  fibres  which  arise  from  the 
large  cells  of  the  reticular  formation,  and  run  down  within  the  lateral 
arel  of  this  formation  in  the  pons  and  medulla  oblongata  to  reach  the 
part  of  the  lateral  column  of  the  cord  which  lies  between  the  grey 
matter  and  the  tracts  of  Monakow  and  Gowers.  It  is,  however,  mixed 
here  with  many  fibres  of  different  origin.  The  destination  of  its  fibres 
is  similar  to  those  of  the  posterior  and  anterior  longitudinal  bundles, 
viz.  :  the  adjacent  grey  matter  of  the  anterior  horn. 

The  vestibulospinal  tract  is  composed  of  fibres  derived  from  the  cells 
of  the  nuclei  of  Deiters  and  Bechterew,  and  is  therefore  similar  in  its 
origin  to  the  fibres  of  the  posterior  longitudinal  bundle.  The  destina- 
tion is  in  part  also  similar,  for  the  fibres  pass  below  into  the  anterior 
root  zone  of  the  cord  and  end  in  the  grey  matter  of  the  anterior  horn, 
but  in  their  course  downwards  they  lie  in  the  lateral  part  of  the  medulla 
oblongata  mixed  up  with  those  of  Monakow's  tract  and  the  ponto-spinal 
tract,  as  well  as  \y\th.  the  ascending  fibres  of  Gowers'  tract. 

The  central  tract  of  the  tegmentum  (Bechterew)  runs  in  the  pons 
exactly  in  the  middle  of  the  reticular  formation  of  the  tegmentum,  but 
in  the  medulla  oblongata  it  lies  more  ventrally  near  the  olivary 
nucleus,  beyond  which  it  has  not  been  traced.  The  origin  of  its 
fibres  is  not  certainly  known,  but  appears  to  be  the  thalamus ;  their 
destination  is  the  olivary  body  of  the  same  side  (see  p.  43-5,  thalamo- 
olirary  tract). 

Ascending  tracts  in  the  pons  and  medulla  oblongata. — In  the 

ventral  part  of  the  reticular  formation  is  a  very  well-marked  tract  of 
fibres  somewhat  flattened  (narrow  in  section)  from  above  down  in  the 
pons ;  this  is  the  tract  of  the  fillet.  Its  fibres  are  partly  derived  from 
cells  in  the  nuclei  of  the  opposite  fasciculus  gracilis  and  fasciculus 
cuneatus  of  the  medulla  oblongata  which  have  crossed  the  raphe  as 
internal  arcuate  fibres;  partly  from  cells  in  the  nuclei  which  are 
connected  with  the  terminations  of  the  sensory  cranial  nerves. 
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Fiii.  ri44.— Diagram  <>r  sensory  path  th  .mih-hratk  am>  tiiai.amcs. 
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In  the  mid-brain  the  fillet  splits  up  into  two  distinct  bundles  of  fibres 
termed  respectively  the  lateral  ovlawer  and  the.wUermediateor  upper Jille/. 
The  fibres  of  the  lower  fiUeb  are  seen  at  the  side  of  the  mesencephalon 
{Jillet  of  Jieil),  and  are  traceable  partly  to  the  grey  matter  of  the 
inferior  corpora  quadrigemina  (fig.  5.51),  partly  to  the  mesial  geniculate 
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Fio.  545.  — Transatsrse  section  throfgh  tiik  upper  part  of  the  pon.s. 


body,  in  both  of  which  they  terminate ;  they  are  derived  from  the 
sensory  nuclei  of  the  medulla  oblongata  and  pons  (mainly  from  the 
acoustic  nuclei).  Those  of  the  upper  fillet  go  to  the  thalamus  (fig. 
555) ;  they  are  chiefly  the  fibres  from  the  cells  of  the  opposite  posterior 
columns  of  the  medulla  oblongata. 

Besides  the  a.scending  fibres  of  the  tract  of  the  fillet,  this  bundle 
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includes  a  certain  number  which  degenerate  below  a  section  of  the  tract 
and  are  therefore  descending  (centrifugal) :  their  cells  of  origin  appear 
to  lie  in  the  thalamus  ;  the  fibres  themselves  are  situated  mesial  to  the 
true  fillet  of  which  they  were  formerly  considered  to  be  a  part  (being 
termed  "  mesial  "  fillet ) :  they  form  a  thalavio-Jmlbar  tract.  Mesial  to  tlie 
tract  just  mentioned  is  a  bundle,  also  consisting  of  descending  fibres 
belonging  to  the  system  of  the  pyramid-tract,  and  containing  fibres 
which  eventually  come  into  relation  with  certain  of  the  cranial  motor 
nuclei  (Hoche).  This  constitutes  the  cortico-hulbar  tract  (see  page  452). 
In  the  crusta  it  lies  dorso-lateral  to  the  other  pyramid-tract  fibres. 


Fii!.  546. — DiAORAM  TO  snow  the  modk  of  passaoe  of  the  fibkks  of  the 

DORSAL  AND  VENTRAL  SrlNO-C'EREBEI.r.AR  TRACTS  RESPrjCTIVELY  INTO  THF. 
CEREBELLAR  VERMIS.     (F.  W.  Mott. ) 
v.c.q.,  posterior  corpora  tiuadrif^emina ;  s.v.,  superior  vermis  of  cerelieDum  :  d.a.c,  dorsal 
ascending'  cereliellar  tract ;  v.a.c,  ventral  ascending  cerebellar  tract. 

Many  of  the  fibres  which  continue  the  sensory  path  of  the  cranial 
nerves  upwards  lie  in  the  formatio  reticularis  (tegmentum),  somewhat 
dorsal  to  the  tract  of  the  fillet,  forming  a  homologous  but  not  clearly 
defined  tract,  which  runs  up  through  the  pons  and  mid-brain  to 
terminate  in  the  subthalamic  region  and  in  the  optic  thalamus  {central 
tract  of  the  sensory  cranial  nerves).  Another  ascending  tract  is  the  special 
bundle  of  fibres  from  the  sensory  nucleus  of  the  5th  to  the  thalamus 
previously  referred  to  (p.  452). 

At  the  upper  part  of  the  pons  (fig.  545)  the  fourth  ventricle  narrows 
gradually  towards  the  Sylvian  aqueduct,  and  above  and  on  either 
side  of  it  two  considerable  masses  of  longitudinal  white  fibres  make 
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their  appearance.  These  are  the  superior  peduncles  of  the  cerebellum, 
and  they  tend,  as  they  pass  forwards,  gradually  to  approach  tlie 


Fli:.   547. — The  COarOUA  QrADRKIEMINA  AMJ  .NKUlllUOliKlNCi  PARTS  OF  THE 

imAiN.    (Ediriger  from  G.  Retzius.) 
Orach,  ant.  cerebelli,  the  superior  cercliellar  peduncles,  lietweeu  them  the  anterior  medul- 
lary vehmi  partly  covered  by  the  lin{,nla  ;  Tr.  spinn-crreh.  venli:,  tract  of  Uowers 
curvinjf  rouiul  the  peduncle;  lemniscus,  the  lateral  tillet ;  N.  trnchl.,  Ith  nerve; 
jV.  r.,  fith  nerve. 


A      ■  B 


Fic:.  548.— Section  Timotrciii  the  oiuffiN  of  the  fofrtii  n'ekve.  (Schwalbe.) 


A,  transverse  section  at  the  place  of  eniertfence  of  the  uerve-lihres.  li,  ol)li(|ue  section 
carried  alonj;:  the  course  of  the  bundles  from  the  luiolens  of  orig-in  to  the  place  of 
emergence.  Aq,  Sylvian  aqueduct,  with  its  surrounding-  grey  matter;  71',  the  nerve- 
bundles  emerging;"  /I",  decussation  of  the  nerves  of  the  two  sides;  IV",  a  bundle 
ptussing  by  the  side  of  the  aqueduct  to  emerge  a  little  lower  down  ;  n.lV,  nucleus  of 
the  fourth  nerve;  i,  lateral  tillet;  g.c.j),  superior  cerebellar  jieduncle  ;  «.7n.  1',  superior 
motor  root  of  the  fifth  nerve  ;  pi,  ])OSterior  longitudinal  bundle  ;  r,  raphe. 

middle  line;  across  which,  immediately  below  and  in  the  region  of 
the  posterior  colliculi  of  the  corpora  quadrigemina,  they  pass, 
decussating  with  one  another,  to  enter  the  formatio  reticularis  of  the 
opposite  side. 
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The  fibres  of  the  superior  cerebellar  peduncles  for  the  most  part  take 
origin  in  the  cerebellum,  emerging  from  its  dentate  nucleus,  from  the 
cells  of  which  they  are  derived.  They  cross  the  raphe  in  the  mid-brain 
and  terminate  in  the  red  nucleus  of  the  (opposite)  tegmentum  ;  but  some 
of  them  give  off'  a  descending  branch  within  the  peduncle  after  crossing: 
its  destination  is  not  known. 

The  antero-lateral  ascending  trad  of  the  spinal  cord  (p.  419)  is  con- 
tinued up  in  the  lateral  column  of  the  medulla  oblongata  dorso-lateral 
to  the  olive  and  through  the  ventral  part  of  the  pons  Varolii  lateral  to 
the  pyramid  bundles,  but  at  about  the  level  of  the  exit  of  the  fiftli 
nerve  many  of  its  fibres  begin  to  pass  obliquely  towards  the  dorso- 
lateral part  of  the  pons  (fig.  546),  where  the  superior  cerebellar 
peduncle  is  emerging  from  the  cerebellar  hemisphere.  The  tract  in 
question  (anterior  or  ventral  spino-cerebeUar  tract)  now  curves  over  the 
lateral  aspect  of  this  peduncle  (fig.  547,  tr.  spino-cei'eb.  ventr.),  and  then 
takes  a  sharp  backward  turn,  passing  over  its  dorsal  aspect  to  enter 
the  middle  lobe  of  the  cerebellum  in  the  superior  medullary  velum. 

THE  MID-BRAIN  OR  MESENCEPHALON. 

In  sections  across  the  mesencephalon  (figs.  549,  550,  552)  the 
upward  continuity  of  the  parts  which  have  already  been  described  in 
the  lower  nerve-centres  can  still  in  great  measure  be  traced. 

The  Sylvian  aqueduct  (fig.  550,  Sy),  with  its  lining  of  ciliated 
epithelium,  represents  the  central  canal  of  the  cord  and  the  fourth 
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Fk!.   549. — OuTIJNE  OF  TWO  SECTIONS  ACROSS  THE  MESEKCEPn.\LOX. 

Natural  size. 

A,  thiout'li  tlie  niitklle  of  the  inferior  corpora  tiiiiKlri^'eniiiia.  B,  thro\ipli  the  region  of 
the  superior  corpora  quadrigeniinn.  cr,  cru.sta ;  s.n.,  sul)stantia  nip-a  ;  (,  tegmentum ; 
»,  Sylvian  aquechict,  with  its  surrounding  grey  matter;  c.q.,  grey  matter  of  the 
corpora  cpiadrigeniina ;  l.g.,  lateral  groove;  jhl,  posterior  longitudin.il  bundle;  rt.l  ., 
superior  root  of  the  fifth  nerve;  s.c.;).,  .superior  cerebellar  peduncle  ;  .r',  lateral  fillet; 
///.,  third  nerve  :  n.III.,  its  nucleus.  The  dotted  circle  in  B  indicat-cs  the  situation 
of  the  tegmental  or  red  nucleus. 

ventricle  of  the  medulla  oblongata.  In  the  grey  matter  which  .sur- 
rounds it  (central  (pry  matter)  there  is  seen  in  all  sections  of  the  region 
a  group  (column)  of  large  nerve  cells  (oculomotor  nucleus)  lying  ventrally 
on  each  side  of  the  middle  line,  close  to  the  reticular  formation.  From 
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the  lower  part  of  this  column  the  root-bundles  of  the  fourth  nerve  arise 
at  the  lower  part  of  the  mesencephalon  and  pass  obliquely  backwards 
and  downwards  around  the  central  grey  matter,  decussating  with 
those  of  the  opposite  side  to  emerge  just  above  the  pons  Varolii 
(figs.  545,  548).    Higher  up,  in  the  region  of  the  anterior  colliculi,  the 


Fi(!.  550. — Section  across  the  mid-brain  through  the  inferior  pair  ok 
CORPORA  quadrigemina.  Magnified  about  3i  diameters.  From  a  photo- 
graph. 

Sy,  aqueduct  of  Svlnus  ;  c.f/i:,  central  j;re.v  matter  of  the  aquecluet ;  n.III.lV.,  group 
of  cells  forming  part  of  the  conjoined  nucleus  of  the  third  and  fourth  nerves;  c.p.i]., 
one  of  the  posterior  corpora  quadrigemina  ;  f/r,  median  groove  separating  it  from 
that  of  the  opposite  side;  str.L,  stratum  lenmisci  (layer  of  the  fillet),  forming  its 
superficial  layer  ;  f,  upper  fillet ;  f,  lateral  fillet ;  I',  accessory  motor  root  of  fifth 
nerve;  p.Lb.',  posterior  longitudinal  bundle;  f.r.t.,  formatio  reticularis  tegmenti ; 
d,  d',  decussatuig  fibres  of  tegmenta  (fountain-decussations  of  Forel  and  Jleynert) ; 
K.c.p.,  superior  cerebellar  peduncles,  decussating;  pes  pedunculi  (crustji);  n.v., 
substantia  nigra  ;  ff.i-p.,  interpeduncular  ganglion. 

bundles  of  the  third  nerve  spring  from  a  continuation  of  the  .same 
nucleus  (fig.  552,  n.IIL),  and  these  pass  forwards  and  downwards  with 
a  curved  course  through  the  reticular  formation,  to  emerge  at  the 
mesial  side  of  the  crusta.  Accoi-ding  to  Van  Gehuchten,  some  of 
the  fibres  of  the  third  nerve  cross  the  middle  line  and  emerge  witli 
the  nerve  of  the  opposite  side. 
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Tegmentum. — The  reticuLar  formation  of  the  pons  is  continued  up 
into  the  mesencephalon  and  is  here  known  as  the  teymentum.  It  is 
composed  as  before  of  longitudinal  and  transverse  or  arcuate  bundles  of 
fibres  witli  much  grey  matter  intermingled.  The  transverse  fibres 
include  the  decussating  fibres  of  the  superior  peduncles  of  the  cerebellum 
(s.c.'p.),  which  are  derived  from  cells  in  the  dentate  nucleus  of  the 
cerebellum,  and  on  reaching  the  opposite  side  bifurcate.  Their  ascend- 
ing branches  become  gradually  lost  amongst  a  number  of  nerve-cells 
which  collectively  constitute  what  is  known  as  the  red  nucleus  or 
nucleus  of  the  tegmentum,  whilst  the  descending  branches  turn  down- 
wards in  the  reticular  formation  (Cajal)  (see  p.  458).  But  some  of  the 
fibres  of  the  superior  peduncle  go  on  past  the  red  nucleus  to  the 
ventral  part  of  the  thalamus.  The  red  nucleus  also  receives  fibres 
in  its  lateral  aspect  which  are  derived  from  the  lenticular  nucleus  of 
the  corpus  striatum,  and  some  of  which  are  said  to  come  from  the 
cerebral  cortex ;  these  fibres  form  a  sort  of  capsule  to  the  red  nucleus 
before  entering  it. 

Tracts  in  the  tegmentum. — 1.  Vestibulo-motor  tract ;  posterior  longi- 
tudinal bundle. — This  is  well  marked  in  the  mid-brain,  and  gives  off 
many  collaterals  and  terminal  fibres  to  the  oculomotor  nucleus  which 
is  immediately  dorsal  to  it.  The  bundle  largely  consists  of  nerve- 
fibres  derived  from  the  cells  of  Deiters'  nucleus  (see  p.  444),  which 
on  reachins:  the  situation  of  the  bundle  either  on  the  same  or  on  the 
opposite  side,  bifurcate,  one  branch  ascending,  the  other  descending. 
But  it  receives  fibres  from  other  sources  than  Deiters'  nucleus,  e.g. 
from  large  cells  of  the  sensory  nucleus  of  the  5th,  and  from  large  cells 
in  the  reticular  formation  of  the  medulla  oblongata,  pons,  and  raid- 
brain.  All  these  fibres,  like  those  from  Deiters'  nucleus,  bifurcate  on 
joining  the  bundle,  one  branch  passing  upwards,  the  other  downwards. 
Some  fibres  of  the  bundle  are  of  different  origin  from  the  rest,  arising 
beyond  the  oculomotor  nucleus.  These  are  very  fine;  they  are 
descending  fibres,  and  are  traceable  from  the  cells  of  the  nucleus  of 
the  posterior  longitudinal  bundle,  which  lies  in  front  of  the  Sylvian 
aqueduct  in  the  grey  matter  at  the  side  of  the  third  ventricle. 

Some  of  the  fibres  of  the  posterior  longitudinal  bundle  are  stated  to 
be  traceable  as  far  up  as  the  thalamus. 

The  bundle  gives  collaterals  not  only  to  the  oculomotor  nucleus  but 
also  to  the  nucleus  of  the  sixth,  and  probably  others  to  the  nuclei  of 
other  cranial  motor  nerves.  Its  descending  fibres  are  eventually 
continued  down  the  spinal  cord  in  the  antero-lateral  descending  tract, 
and  give  off  terminals  and  collaterals  to  the  anterior  horn. 

2.  Rubrospinal  tract;  Monakow'a  bundle.— TheceWsoi  the  red  nucleus 
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send  their  axons  downwards  and  forwards.  They  form  Monakow's 
bundle  or  the  rubrospinal  tract,  which  is  continued  below  into  thep-e- 
pyramidal  tract  of  the  spinal  cord. 

3.  Tectospinal  tract;  anterior  lomjitudinal  bundle.— Other  longi- 
tudinal fibres  of  the  tegmentum  are  those  of  the  fasciculus  retrofiexus  0/ 
Meynerl  lying  mesially  to  the  red  nucleus  and  passing  obliquely  down- 
wards and  inwards  from  the  ganglion  of  the  habenula  to  the  inter- 
peduncular ganglion  of  the  opposite  side,  and  the  bundle  ofMunzer,  which 
passes  from  the  posterior  tubercle  downwards  into  the  lateral  part  of  the 
reticular  formation  of  the  pons.  But  the  longest  and  most  important  is 
the  anterior  or  verdral  longitudinal  bundle,  which  passes  lateral  to  the 
red  nucleus  and  partly  through  it.  Although  the  red  nucleus  receives 
many  collaterals  from  this  bundle  the  fibres  of  the  bundle  are  derived, 
according  to  Held  and  Cajal,  from  cells  in  the  grey  matter  of  the 
opposite  anterior  tubercle  of  the  corpora  quadrigemina ;  these  cells 
send  their  axons  sweeping  round  the  central  grey  matter  just  central 
to  the  posterior  longitudinal  bundle  to  cross  in  the  raphe,  where  they 
form  the  fountain-like  decussation  of  Meynert  (fig.  550,  dy  The  down- 
ward continuation  of  the  tecto-spinal  tract  has  already  been  studied, 
but  it  should  be  stated  that  the  prolongation  of  its  fibres  into  the 
anterior  column  of  the  spinal  cord  is  denied  by  Van  Gehuchten,  who 
traces  them  only  as  far  as  the  medulla  oblongata. 

4.  Tract  of  the  fillet.— The  continuation  upwards  of  the  fillet  is  also 
apparent  in  this  part  of  the  brain.  Some  of  its  fibres  are  seen  passing 
in  an  oblique  manner  to  the  side  of  the  mesencephalon,  to  enter 
the  grey  matter  of  the  prominences  of  the  posterior  corpora 
quadrigemina. 

This  part  is  the  lateral  fillet  (see  p.  455),  which  is  formed  chiefiy  by 
fibres  derived  from  the  accessory  auditory,  the  inferior  olivary,  and  the 
trapezoid  nuclei  of  the  opposite  side,  forming  the  central  acoustic  tract. 
Its  fibres  send  numerous  collaterals  to  the  posterior  tubercle  (fig.  551) 
and  a  few  to  the  anterior,  and  end  by  ramifying  amongst  the  cells  of 
the  mesial  geniculate  body  (Cajal).  In  its  course  it  traverses  the 
nucleus  of  the  fillet,  which  consists  of  cells  interpolated  amongst  its 
fibres  (the  greater .  number  in  the  lower  part  near  the  superior  olive), 
amongst  which  some  of  the  fibres  and  many  collaterals  from  them  end. 
The  axons  of  these  cells  trend  inwards  towards  the  raphe.  The  upper 
fillet  is  continued  upwards  in  the  ventral  part  of  the  tegmentum  towards 
the  thalamus  (p.  467). 

1  This  is  not  to  be  confounded  with  ihe  foimtain-like  decnssalionn  of  Ford  (fig. 
550,  it),  which  lies  nearer  the  ventral  part  of  the  tegmentum,  and  is  partly  formed 
by  the  intercros.sing  of  Monakow's  l)undle  and  partly  by  v.  Guddens  liundle 
coming  from  the  corpora  mamillaria  to  end  in  the  tegmentum. 
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Orusta. — Lateral  and  ventral  to  the  tegmentum  is  seen  on  either  side 
the  white  mass  known  as  the  crusla  or  ;:)e»f  pedunculi  (figs.  549,  cr.,  550, 
552,  p.p.).  This  is  formed  by  longitudinally  coursing  bundles  of  fibres 
lying  on  the  ventral  aspect  of  each  half  of  the  mesencephalon,  and 
diverging  above  into  the  internal  capsule  of  the  cerebral  hemisphere. 

The  fibres  of  tlie  crusta  are  continued  below  into  the  so-called 
"pyramid  bundles"  of  the  pons— which  contain,  as  we  have  seen, 
many  more  fibres  than  those  of  tlie  pyramid-tract.  This  is  also  the 
case  with  the  bundles  of  the  crusta,  in  which  the  pyramid-tract 
proper — composed  of  fibres  emanating  from  the  precentral  and  para- 
central gyri — is  confined  to  the  middle  three-fifths  (which,  however, 
includes  many  cortico-pontine  fibres),  whilst  the  mesial  fifth  is  mainly 
occupied  by  fibres  passing  from  the  lower  frontal  region  to  the  pons, 
carrying  impulses  to  the  nuclei  of  the  facial  and  hypoglossal ;  and  the 
lateral  fifth  by  fibres  the  origin  and  functions  of  which  are  not  certainty 
known.  But  it  is  probable  that  these  last  are  connected  with  the 
regions  of  the  hemisphere  behind  the  Rolandic  fissure,  especially, 
perhaps,  with  the  temporal  and  occipital  regions ;  and  are  passing  from 
the  pyramidal  cells  of  these  parts  to  end  in  the  nuclei  of  the  pons. 

Substantia  nigra. — The  crusta  is  separated  from  the  tegmentum  by 
a  layer  of  grey  matter  containing  a  number  of  very  deeply  pigmented 
nerve-cells  (substantia  nigra ;  figs.  550,  552,  s.n.).  The  substantia  nigra 
receives  many  collaterals  from  the  adjacent  pyramid  bundles  of  the 
crusta.  The  crusta  and  tegmentum,  together  with  the  intervening 
substantia  nigra,  constitute  the  cerebral  j^eduncle  {pes  or  crtis  cerebri). 

Interpeduncular  ganglion. — Between  the  cerebral  peduncles,  just 
where  they  diverge  from  the  mass  of  transverse  fibres  of  the  pons,  is 
seen  close  to  the  ventral  surface  of  the  brain  a  small  mass  of  grey 
matter  containing  a  large  number  of  small  nerve-cells  with  large  and 
irregular  dendrons,  and  axons  which  are  directed  dorsally  into  the 
tegmentum.  This  is  the  interpeduncular  ganglion  (fig.  550,  g.i.p.).  It 
receives  011  either  side  the  ending  of  the /asciculus  retroflexus  of  Meynert 
which  comes  from  the  ganglion  of  the  habenula,  a  collection  of  nerve- 
cells  near  the  superior  and  mesial  part  of  the  thalamus,  close  to  the 
commencement  of  the  third  ventricle  (see  fig.  558).  These  ganglia  are 
both  much  better  marked  in  many  of  the  lower  animals  than  in  man. 

Corpora  quadrigemina. — The  prominences  (co//iculi  or  tubei-cles) 
of  the  corpora  quadrigemina  are  formed  mainl}'  of  grey  matter. 
Connected  with  each  one  is  a  bundle  of  white  fibres  forming  the 
bracJda  of  the  geniculate  bodies. 

The  posterior  or  inferior  colliculi  consist  of  a  grey  centre  wliich  is  en- 
closed by  superficial  and  deep  white  layers  (figs.  550,  551 ).  The  superficial 
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white  layer  is  derived  mainly  from  the  brachium.  The  fibres  of  the 
fillet  divide  as  they  approach  the  colliculus ;  one  branch  enters  its 
grey  matter  while  the  other  passes  to  the  mesial  geniculate  body. 
In  animals  with  a  highly  developed  sense  of  hearing  all  these  parts  are 
proportionately  well-developed.  The  deep  white  layer  is  derived  from 
cells  of  the  grey  centre,  but  many  of  the  cells  of  the  latter  send  their 
axons  towards  the  superficial  layer.    The  destination  of  the  fibres  of 


Fk;.   551. — DlA(iK.\M  SHOWINU  THE  (JESER.VL  STBUCTITRE  OF  THE  I'OSTEKIOR 
CORPOR.V  QUABRI<jEMIN.\.  (Cajal.) 

A,  iirineiiiivl  mass  of  grey  matter;  B,  C,  cortical  layer;  D,  yrey  matter  aroiiiul  Sylvian 
aciuecluct;  K,  decussation  of  superior  peduncles  of  cerebellum;  a,  h,  c,  d,  fibres  of 
i-eiitral  acoustic  path  from  lateral  fillet ;  <;,  axons  from  cells  of  principal  nucleus  passing 
towards  brachium  ;  /,  lihres  from  brachivnn  pa.ssing  into  superficial  layer  ;  </,  fibres  from 
lillet  passing  into  suiierlieial  layer;  li,  a  fibre  of  fillet  passing  to  central  grey  matter 
of  aqueduct ;  j,  collaterals  from'  posterior  longitudinal  bundle  passing  to  oculo-motor 
nucleus  ;  I,  axons  of  cells  in  supcromesial  part  of  colliculus  curv'ing  round  grey  matter 
of  aipieduct  and  forming  the  deep  white  layer. 

the  deep  white  layer  is  not  certainly  known ;  some  pass  over  the 
central  grey  matter  of  the  aqueduct  to  the  opposite  side. 

In  the  anterior  or  superior  coUiculi  four  layers  can  be  distinguished, 
viz. :  superficially,  a  thin  white  layer  containing  nerve-fibres  and  a  few 
horizontally  disposed  nerve-cells  (fig.  553,  A) ;  ne.xt  to  this  a  (jrey  cajJ 

(B)  containing  many  and  various  nerve-cells,  amongst  which  the  termi- 
nations of  the  optic  nerve  (A,  h)  ramify  ;  below  this  the  optic  nerve  layer 

(C)  ,  which  is  formed  of  antero-posteriorly  running  fibres  derived  from 
the  optic  tract,  and  ending  as  just  stated  for  the  most  part  in  the  grey 
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layer.  Thi.s  layer  also  contains  some  nerve-cells.  Lastly  thei-e  is  a 
deep  white  layer,  the  so-called  deep  medulla,  of  transversely  disposed 
fibres  (D)  derived  partly  from  the  fillet,  but  comprising  many  fibres 
which  are  derived  from  the  cells  of  the  colliculus  itself,  and  a  few  wliich 
are  continued  up  from  the  antero-lateral  ascending  tract  of  the  spinal 
cord.     This  deep  layer  also  contains  a  number  of  large  dendritic 


Fid.  552. — yucTioN  achuss  thk  mid-brain  THRoinni  the  si  i-kkkik  idnrouA 
QUADKltiEMlNA.  Magnified  about  3^  diameters.  From  a  photograph. 
C.J).,  posterior  i:oinniif;siire  of  brain;  (jl-P'-'  pineal  Sflaml ;  c.q.a.,  grey  matter  of  one  of 
superior  corpora  (|ua(lri(;eniitia ;  c.ff.m.,  mesial  treniculate  body:  r.ij.l.,  lateral  g-eni- 
culate  l)o(h- ;  (r..  pr..  optw  tract ;  ;;.?).,  crusta  or  pes  pefluiiculi ;  p.l.b.,  posterior  lontri- 
tucliiial  buiidle  ;  fi,  upper  fillet ;  r.n.,  red  nucleus  ;  ///.,  issuinir  fibres  of  tliird  nerve  ; 
n.lll.,  its  nucleus  ;  l.p.j).,  locus  perforatus  posticus  ;  Sy,  Sylvian  aipiedui^t. 

cells  amongst  the  fibres.  The  superior  corpora  quadrigemina  receive 
through  their  brachia  many  of  the  fibres  of  the  optic  tract,  which 
iu  mammals  enter  the  grey  matter  at  the  middle  of  its  thickness  and 
traverse  it  from  before  back,  so  that  in  transverse  sections  of  the  mid- 
brain they  appear  cut  across.  In  birds  they  form  a  superficial  white 
stratum  covering  the  grey  matter,  but  this  is  not  homologous  with  the 
superficial  stratum  of  mammals,  for  the  fibres  in  the  latter  are  not 
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derived  directly  from  the  optic  tract.  The  optic  fibres  are  derived 
from  nerve-cells  in  the  retina,  and  as  they  traverse  the  stratum  opticum 
they  pass  obliquely  into  the  grey  matter  (in  a  ventral  direction  in 
birds,  in  a  dorsal  direction  in  mammals)  and  end  in  arborisations 
amongst  its  cells.  The  cells  of  the  grey  matter  are  very  various  in 
form  and  size  (fig.  553).  Most  of  their  axis-cylinder  processes  pass 
ventralwards.  The  destination  of  all  is  not  certainly  known,  but 
many  appear  to  join  the  anterior  longitudinal  bundle  of  the  opposite 


Flfi.   553.— DlAGR.\M  SHOWING  THK  CIIAR.\CTERS  OF  THE  CEI.I^  IN  THE  flREV 
MATTER  OF  THK  ANTERIOR  CORPORA  QtlADRIOEMIN  A.      (Cajal. ) 

M,  portion  of  dorsal  median  {,'roove  ;  A,  superficial  wlilte  layer;  B,  grey  cap;  C,  optic 
fibre  layer  (upper  jjrey-while  layer) ;  X),  layer  of  the  fillet  (lower  ffrey-white  layer). 

n,  niarfj'inal  nerve-cells:  their  axons  are  not  represented;  h,  h',  horizontal  spindle- 
sha|)ed  cells  of  Ool)ri's  tj-pe  11.  ;  c,  c',  small  cells  with  much  branched  dendrons  antl 
an  axon  extending  to  tlie  optic  fibre  layer  ;  rf,  e,  e',  spindle  and  stellate  cells  of  the 
grey  cap,  and  /,  /',  cells  of  the  stratiun  opticum,  sending  their  axons  into  the 
stratum  lemnisci ;  g,  g',  cells  of  the  stratum  lemnisci ;  h,  h  fibres  of  the  optic  nerve 
layer  ending  in  the  grey  and  superficial  white  layer.^. 

side.  Others  run  down  on  the  same  side  towards  the  pons  Varolii, 
intermingled  with  the  a.scending  fibres  of  the  fillet.  A  certain  number 
of  fibres  which  take  origin  in  the  cells  of  the  anterior  colliculi  course 
over  the  central  grey  matter  which  surrounds  the  Sylvian  aqueduct 
and  sweep  round  this  towards  the  fillet-tract  of  the  opposite  side. 
These  commissural  Jihres  are  continuous  in  front  with  those  of  the 
posterior  commissure. 

The  nerve-fibres  of  the  optic  nerve  and  optic  tract  do  not  all  enter 
the  corpora  quadrigemina.  Many,  indeed  the  majority,  pass  into  the 
lateral  geniculate  bodies  and  optic  thalami  to  form  arborisations  there 
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(fig.  557).    On  the  other  hand,  axons  from  the  cells  of  these  structures 
pass  to  the  cortex  of  the  brain  (occipital  region). 

As  has  just  been  stated,  many  arcuate  fibres  issue  from  the  grey 
matter  of  the  corpora  quadrigemina  and  pass  obliquely  downwards 
into  the  ventral  part  of  the  mesencephalon  encircling  the  central  grey 
matter.  These  fibres  intercross  in  the  raphe,  where  they  constitute 
the  fountain-decussation  of  Meynert  (p.  461),  and  after  ci-ossing 
constitute  the  main  mass  of  the  anterior  longitudinal  bundles.  These 
are  continued  into  the  anterior  columns  of  the  spinal  cord  ;  they  give 
off  collaterals  to  the  motor-nuclei  of  the  eye-muscles,  and  probably 
to  the  motor  nuclei  generally.  Other  fibres  which  appear  to  belong 
to  the  same  {tectospinal)  system  are  traceable  as  a  distinct  tract  into 
the  lateral  column  of  the  cord  (see  p.  417). 

In  tlie  cat,  the  anterior  corpora  quadrigemina  receive  a  number 
of  fibres  from  the  pyramid-tract  in  the  crusta  of  the  same  side,  a 
few  crossing  over  the  aqueduct  to  the  opposite  corpora  quadrigemina 
(Boyce,  Sutherland  Simpson).  But  in  most  animals  the  fibres  which 
pass  from  the  cortex  cerebri  to  the  corpora  quadrigemina  enter  those 
bodies  through  their  respective  brachia. 

No  fibres  are  given  off  from  the  cells  of  the  corpora  quadrigemina 
to  the  cortex  cerebri. 

The  optic  nerves. — The  only  sensory  nerves  which  are  immediately 
connected  with  the  mid-brain  are  the  second  or  optic.  Their  origin  is 
from  the  large  nerve-cells  of  the  ganglion  of  the  retina  (p.  515). 
The  nerve  leaves  the  globe  of  the  eye  at  its  posterior  aspect,  passes 
through  the  optic  foramen  to  the  base  of  the  brain,  and  joins  the  nerve 
of  the° opposite  side  to  form  the  optic  chiasma  (fig.  557).  Of  the  fibres 
which  enter  the  chiasma,  those  from  the  inner  (or  nasal)  two-thirds 
of  the  retina  cross  to  the  optic  tract  of  the  opposite  side,  while  the 
remaining  third,  comprising  the  fibres  from  tlie  temporal  part  of  the 
retina,  pass  along  the  lateral  border  of  the  chiasma  to  the  tract  of 
the  same  side.  In  the  optic  tract  they  are  continued  to  the  parts  of 
the  brain  where  they  have  their  terminal  arborescences,  viz.,  the 
external  geniculate  body  and  the  adjoining  posterior  part  of  the 
thalamus  (pulvinar)  and  the  anterior  corpora  quadrigemina.  A  certain 
number  of  the  fibres  of  the  optic  nerve  bifurcate  on  reaching  the 
chiasma,  and  the  branches  pass  one  into  each  optic  tract  (Cajal). 

The  fibres  which  pass  to  the  anterior  corpora  quadrigemina  are  much 
finer  than  those  to  the  corpora  geniculata.  It  is  probable  that  the 
former  furnish  the  path  for  reflex  movements  of  the  pupil,  etc.,  and 
the  latter  the  path  for  visual  impressions,  since  the  lateral  corpora 
.eniculata  and  pulvinar  thalami  are  directly  connected  with  the  visual 
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cortex  in  the  occipital  lobe,  while,  as  already  stated,  no  such  direct 
connection  obtains  between  that  cortex  and  the  anterior  corpora 
quadrigemina. 

A  small  bundle  of  fibres  (transverse  peduncular  bundle)  leaves  the 
optic  tract  as  it  enters  the  mid-brain  and  passes  round  the  cerebral 
peduncle  to  lose  itself  in  the  mesial  part  of  the  tegmentum  near 
the  fillet.  Its  destination  appears  to  be  a  small  nucleus  situated 
near  the  red  nucleus.  Its  fibres  degenerate  after  enucleation  of  the 
opposite  eyeball. 

The  optic  tracts  and  chiasma  also  contain  the  fibres  of  v.  Giidden's 
commissure,  which  connects  the  posterior  corpora  quadrigemina,  but 
these  fibres  appear  to  have  no  relation  to  the  visual  function. 

There  are  present  in  the  optic  nerve  and  tract  a  few  fibres  which 
originate  in  the  nerve  centres — where  is  not  known — and  terminate 
in  the  retina. 

Motor  nerves. — The  motor  nerves  arising  from  the  mid-brain  are  the 
third  and  fourth.  The  position  of  their  nuclei  and  their  mode  of  exit 
have  been  already  described  (pp.  458,  459). 

Posterior  commissure. — Immediately  in  front  of  the  corpora  quadri- 
gemina, visible  in  the  roof  of  this  part  of  the  mid-brain,  is  the  j^osterior 
commissure.  This  consists  of  fibres  which  arise  in  a  nucleus  at  each 
side  of  the  Sylvian  aqueduct  and  which  pass  across  the  middle  line 
dorsal  to  the  central  grey  matter  and  then  turn  ventralwards  and 
caudalwards  to  pass  down  in  the  tegmentum  lateral  to  the  posterior 
longitudinal  bundle,  which  is  partly  reinforced  by  the  fibres  in  question. 
The  posterior  commissure  extends  into  the  region  of  the  third 
ventricle. 

THE  THALAMENCEPHALON. 

The  optic  thalamus  (fig.  554,  th.),  which  lies  at  the  side  of  the  third 
ventricle  and  forms  part  of  the  floor  of  the  lateral  ventricle,  is  covered 
externally  by  a  layer  of  white  fibres,  most  marked  next  to  the  internal 
capsule.  Fibres  from  the  latter  pass  into  the  thalamus  and  serve  to 
connect  it  with  the  hemisphere. 

The  grey  matter  of  the  thalamus  is  partially  subdivided  by  an 
oblique  white  lamina  into  a  smaller,  mesial  nucleus,  and  a  larger  lateral 
nucleus ;  these  contain  a  large  number  of  small  nerve-cells.  Anteriorly 
another  portion  of  grey  matter  {anterior  nucleus)  is  divided  off  in  a 
similar  way;  this  contains  comparatively  large  nerve  cells.  These 
nuclei  are  themselves  formed  of  several  groups  of  cells  having  different 
connections,  many  of  which  still  require  elucidation. 

The  thalamus  receives  the  terminal  branches  of  the  fibres  of  the 
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tipper  fillet,  continued  from  the  cells  of  the  opposite  nuclei  of  GoU  and 
Burdach  (spino-thalamio  tract),  of  the  central  path  of  the  fifth  cranial 
neri^e  of  the  opposite  side,  and  some  fibres  from  the  superior  cerebellar 
jieduncle  of  the  opposite  side ;  besides  the  fibres  of  the  optic  tract  which 
pass  to  the  external  geniculate  body  and  pulvinar  thalami. 

From  the  cells  of  the  thalamus  nerve-fibres  pass  in  every  direction 
into  the  white  matter  of  the  hemisphere,  and  eventually  to  the  cortex 


Fig.  •554.— Horizontal  section  ttikouoh  thk  optic  tiiauvmus  and  corpfs 

STRIATUM.    Natural  size. 

„l  lateral  ventricle,  its  anterior  cornu  ;  c.c,  corpus  callosnm ;  s.t.,  sei>tum  lucidimi ; 
,U.   lateral  v  ent,  ue  u    a^^  fornix  ;       third  ventricle  ;  th..  th.ilan.ns  opt.eus  ;  .1.,  str.a 

medunariV   n»  nucleus  caudatus,  and  nl,  nucleus  lentk;..lans  of  the  corpus 

triat  m      "  i-'iternal  capsule  ;     its  au^'le  or  genu  ;  "O;.  ^,1  of  "je  ""cheus  «tudat^s 

appearing  in  the  descending  cornu  of  the  lateral  ventricle;  cf.,  claustruin  ,  7,  island 

of  Reil. 

(figs.  520,  555).  From  the  outer  part  they  tend  especially  in  the 
occipital  region,  assisting  to  form  the  central  visual  tract  which  passes 
to  the  visual  cortex.  From  the  inner  and  deeper  part  they  converge 
towards  the  subthalamic  region  and  many  are  collected  into  the  ansa 
lenticularis  (see  p.  472),  by  which  they  pass  into  the  nucleus  lenticu- 
laris  while  others,  as  already  stated,  enter  the  corona  radiaU  and  thus 
reach  the  cortex  of  the  hemisphere.    These  fibres  from  the  thalamus  to 
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the  cortex  probably  form  the  third  and  the  last  link  in  the  chain  of  sensory 
neurones,  the  second  being  formed  by  the  neurones  of  the  fillet  and  the 
first  by  the  neurones  of  the  sensory  roots.  On  the  other  hand,  the 
thalamus  receives  fibres  from  the  cortex  and  from  the  corpus  striatum, 
which  end  amongst  its  cells. 

Attached  to  the  optic  thalamus  below  and  behind  are  the  mesial  and 
lateral  geniculate  bodies  (fig.  556)  which  at  first  sight  appear  to  be  both 


FlC.  555. — l)lA(iKAM  OF  THE  CONNECTIONS  OF  THK  THALAJIUS  WITH  TlIK  .\SCUN1)- 
INCJ  FIHIIKS  OF  THE  5tH  NERVE,  AND  OF  THE  UPPER  FILLET  ON  THE  ONE 
HAND,   AND  WITH  THE  CORTEX  CEREBRI  OS  THE  OTHER.  (Cajal.) 

A,  B,  C,  I),  K,  v.arioiis  miclei  in  thal.nnus  ;  I,  afferent  fibres  passing  to  mamillary  body 
K ;  G,  tract  of  ujiper  fillet  enrting  in  A  (at  c),  and  giving  collaterals  to  D  (posterior 
nuclcns);  H,  central  tract  from  sensory  nucleus  of  .ith  ;  T,  cortex  cerebri;  V,  visual 
cortex  ;  II,  anterior  collicnlus  ;  .7,  optic  chiasma  ;  S,  optic  fibres  ;  K,  hippocampus. 

o,  fibres  from  cortex  to  thalamus,  ending  at  c ;  ft,  fibres  from  cells  in  thalamus  (rf)  to 
cortex ;  /,  fibres  from  lateral  geniculate  body  and  thalamus  to  visuol  cortex,  ending 
at  (J  in  stria  of  Ocnnari. 

connected  with  the  optic  tract,  although  only  the  outer  one  actually 
I'eceives  optic  fibres.  The  inner  or  mesial  geniculate  body  receives 
fibres  from  the  central  auditory  tract  through  the  lateral  fillet.  Of 
the  geniculate  bodies  the  outer  or  lateral  has  a  lamellated  structure 
consisting  of  alternating  layers  of  grey  and  white  matter,  the  white 
layers  being  composed  partly  of  the  entering  optic  fibres  and  partly  of 
fibres  emerging  from  the  grey  matter  and  passing  to  the  central  optic 
path,  while  the  grey  substance  contains  very  numerous  nerve-cells 
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amongst  which  the  fibres  of  the  optic  tract  end  in  complex  ai-borisations. 
From  these  cells  axons  arise  and  join  a  bundle  of  fibres  which  enters 
the  white  matter  of  the  hemisphere  above  and  along  with  the  internal 
capsule,  and  passes  to  the  visual  area  of  the  cortex  (central  visual 
tract).    Some  of  the  fibres  from  the  corpus  geniculatum  laterale, 


¥m    UU6.— FUiLKE  SHOWINU  a'HE  OIJACTORY  TRACTS  AND  THEIU  ROOTS:  THE 
Ol'TIC  CUIAS.MA    AND   OrTIC   TRACTS:    THE   GENICUL.\TE  HOMES   AND  THE 
TULVINAR  TUALAMl.  (EcUllger.) 
The  pons  is  cut  tlirout'li  at  the  a.iterior  part,  and  the  section  shows  the  S.vlnan  aqueducl. 
thrnilet  (lamina  lapimrh).  s.iperfor  cereliellar  peduncles,  etc.  (^ec  «!?■  ^ift).  The 
corpora  n.aniillaria  Ire  partly  concealed  by  the  pons;  between  and  m  front  of 
them  is  seen  the  infiuidibuluni  and  pituitary  body. 

as  they  enter  the  visual  tract,  send  branches  downwards  towards  the 
tegmentum. 

The  ganglion  of  the  habenula  (fig.  558,  ,'/')  is  a  collection  ot 
nerve-cells  which  lies  at  the  posterior  part  of  the  thalamus  on  each 
side,  near  the  roof  of  the  third  ventricle.  This  ganglion  receives  on 
the  one  hand  the  fibres  of  the  habemda  or  dria  medidlaris,  and  on  the 
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other  hand  gives  oft'  from  its  cells  the  fibres  which  form  the  Jasciculus 
retroflexus  (fig.  583),  which  pass  downwards  to  the  interpeduncular 
ganglion  (p.  462).  The  two  ganglia  of  the  habenulaj  are  joined  by 
a  white  commissure. 

The  corpora  mamillaria  (fig.  556)  are  seen  at  the  base  of  the  bram 
immediately  below  the  posterior  part  of  the  third  ventricle.  Each  is 
composed  of  white  matter  externally  and  grey  matter  internally.  It 
receives  fibres  from  the  anterior  pillar  of  the  fornix  of  the  same  side  ; 


FiC.   057.— DlA(!K.\M  TO  SHOW  TUE  WtOB-VliLE  COUKSE  .VND   REUVTIONS  OE 
THE  OPTIC  FIBRES.* 


these  fibres  arise  from  cells  in  the  hippocampus  and  end  in  the  mamil- 
lary body.  According  to  Edinger  some  fibres  from  the  olfactory 
tract  pass  directly  to  it.  The  axons  of  its  cells  bifurcate,  one  branch, 
the  coarser,  passing  into  the  anterior  and  upper  part  of  the  thalamus  in 
the  bundle  of  Vicq  d'Azyr,  and  the  other  into  the  tegmentum  of  the 
mid-brain  in  v.  Gudden's  bundle.  The  corpora  mamillaria  form  part 
of  the  central  olfactory  apparatus  (fig.  583). 

1  Only  single  fibres  are  shown  emerging  from  llie  anterior  (luaclrigeniinal  and 
external  geniculate  bodies,  continuing  the  course  of  the  two  fibres  from  correspond- 
ing points  in  the  retiniv.  This  is  merely  to  simplify  the  diagram,  and  is  not 
intended  to  imply  that  the  retinal  impressions  are  fused  in  those  situations. 
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Subthalamic  region. — The  tegmentum  of  the  crus  cerebri  is  pro- 
longed below  the  thalamus  opticus,  and  between  it  and  the  internal 
capsule,  into  a  mass  of  grey  substance,  with  longitudinallj?  and 
obliquely  crossing  white  bundles,  which  is  known  under  the  name  of 
hypothalamus  (fig.  558).     Its  deepest  part  contains  a  lens-shaped 


Fic.  o58.— Section  taken  obliquely  tiirouuh  the  optic  tii.\l.\mus  and 

INTERNAL  CAPSULE  SHOWINCl  SOME    OF  THE   STRANDS  OF  FIBRKS  OK  TUE 

UVFOTIIALAMUS.  Magnified  2^  diameters. 
Til  thalamus;  v.iii.,  third  ventricle;  tiunia,  or  attachment  of  epithelial  roof  of 
ventricle;  str.,  stria  meduUaris  or  habenula ;  ij'<  ganglion  of  the  habenula ;  n.(., 
mesial  nucleus  of  thalanuis;  opt.,  optic  fibres  pjissing  into  pulvinar  of  thalanuis ; 
zi.,  zona  incerta,  from  which  fibres  arc  seen  emerging  and  swecpnij,'  .is  the  ansa 
leidicularis,  a.l.,  round  the  internal  capsule,  c.i.,  to  pass  toward  the  lenticuliir  nucleus ; 
C.S.,  corpus  subthalaniicum  ;  f.,  anterior  pillar  of  fornix  nassuig  Kickwards  to  (-orpus 
manullare;  I'.^l.,  liundle  of  A"ic(|  d'Azyr,  passing  upwards  and  forwards  from  corpus 
maniillare  into  thalanuis:  g,  group  of  nerve-cells,  probably  belonging  to  the  nucleus 
of  the  corpus  mamillare  ;  X,  fasciculus  retroflexus. 

mass  of  grey  matter  prolonged  forwards  from  the  substantia  nigra 
known  as  the  corpus  subthalamicum  (Luys).  A  mass  of  fibres  sweeps 
round  this  and  round  the  internal  capsule,  passing  between  the  thalamus 
and  the  nucleus  lenticularis,  this  is  known  as  the  aiisa  lenticularx.s. 

The  pineal  gland  or  epiphysis  cerebri  (fig.  552),  which  is  developed 
in  the  roof  of  the  third  ventricle,  but  passes  backward  between  the 
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anterior  corpora  quadrigemina,  is  composed  of  a  number  of  tubes  and 
saccules  lined  and  sometimes  almost  filled  with  epithelium,  and  con- 
taining deposits  of  earthy  salts  {brain  sand).  (Similar  deposits  may 
also  occur  in  other  parts  of  the  brain,  especially  in  the  pia-mater.) 
The  follicles  are  separated  from  one  another  by  vascular  connective 
tissue  derived  from  the  pia-mater,  and  along  with  the  vessels  are 
numerous  nerve-fibres  of  sympathetic  type  (Cajal).  No  true  nerve- 
cells  can  be  seen,  although  there  are  a  number  of  cells  similar  in  general 
appearance  to  the  "  granules  "  of  the  cerebellum,  but  apparently  without 
axons.  In  some  animals  (ox)  striated  muscular  fibres  have  been  met 
with. 

In  the  chameleon  and  some  other  reptiles,  the  pineal  is  better  developed, 
and  is  connected  by  nerve-tibres  with  a  rudimentary  median  eye  of  mverte- 
brate  type,  placed  upon  the  upper  surface  of  the  head. 

The  pituitary  body  or  gland  {hypopkysis  cerebri)  is  connected  with  the 
third  ventricle  by  the  infundibulum.    It  consists  of  two  lobes,  a  large 
anterior  and  a  smaller  posterior.     The  structure  of  this  body  has 
•already  been  described  (pp.  254  to  258). 
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LESSONS  XLIV.  AND  XLV. 

STRUCTURE  OF  THE  CEREBELLUM  AND  CEREBRUM. 

1.  Sections  of  the  cerebellum  vertical  to  the  surface,  (a)  across  the  direction 
of  the  lamimB,  (6)  parallel  with  the  laminEe. 

2.  Sections  across  the  whole  of  one  hemisphere  of  the  cerebrum  of  a  monkey 
passing  through  the  thiid  ventricle. 

3.  Vertical  sections  of  the  cerebral  cortex  : — one  across  the  central 
gyri,  auothei'  from  the  occipital  lobe  (calcaiine  legiou),  anothei'  across  the 
superioi'  temporal  gyius  and  island  of  Beil,  and  one  across  the  hippo- 
campal  gyrus  and  hijjpocampus. 

■4.  Transverse  sections  of  the  olfactoi-y  tract  and  bulb. 

In  all  these  pi-eparations  make  sketclies  under  a  low  powei-  of  the  geuei'al 
arrangement  of  the  gi'ey  and  white  mattei-,  and  also  of  the  nerve-cells  in  the 
grey  matter.    Sketch  some  of  the  details  under  a  high  power. 

The  preparations  are  made  in  the  same  way  as  those  of  the  spinal  cord. 
Other  preparations  may  be  made  by  the  (lolgi  oi'  Cox  methods  to  exhibit 
the  i-elation  of  the  cells  to  one  another.  Such  preparations  have  been 
already  partly  studied  (Les.sons  XVII.  and  XVIII.). 


TiiE  Cerebellum. 

The  cerehellum  is  composed  of  a  white  centre  and  of  a  grey  cortex. 
Both  extend  into  all  the  folds  or  lamina;,  so  that  when  the  lamina; 
are  cut  across,  an  appeai-ance  is  presented  of  a  white  arborescence 
covered  superficially  by  grey  matter.  The  white  matter  is  in  largest 
amount  in  the  middle  of  each  cerebellar  hemisphere.  There  is  here 
present  a  peculiar  wavy  lamina  of  grey  matter,  similar  to  that  in  the 
olivary  body,  and  known  as  the  nucleus  dentatus  (fig.  559,  n.d.).  This 
receives  numerous  nerve-fibres  from  the  cells  of  Purkinje  of  the  cortex, 
which  end  by  arborising  around  its  cells.  The  latter  give  ofif  axons 
which  become  the  fibres  of  the  superior  cerebellar  peduncles,  and 
for  the  most  part  end  in  the  opposite  red  nucleus,  but  some  pass  beyond 
this  into  the  subthalamic  region.  The  dentate  nucleus  also  receives 
collaterals  from  fibres  of  the  inferior  peduncle  (Cajal). 

Other  isolated  grey  nuclei  lie  in  the  white  matter  of  the  middle  lobe 
over  the  roof  of  the  4th  ventricle  and  constitute  collectively  the  nuclei 
of  Stilliny.  The  most  important  of  tliese  appears  to  be  the  nncle^is  iecti 
(s./asiigii)  (fig.  559).  This  receives  many  of  the  ascending  fibres  of  tlic 
vestibular  nerve  (p.  443)  and  collaterals  fi'om  the  spino-cerebellar  tracts. 
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and  cives  origin  to  a  bundle  of  fibres  which  crosses  to  the  opposite  side 
and  descends  in  the  mesial  part  of  the  restiform  body  to  the  reticular 
formation  of  the  medulla  oblongata  (Risien  Russell). 

The  grey  matter  of  the  cerebellum  appears  essentially  of  similar 
structure  throughout  the  whole  extent  of  the  cortex.  It  consists  of 
two  layers.  The  i7mer  one  (that  next  to  the  white  centre)  is  composed 
of  a  large  number  of  very  small  nerve-cells  intermingled  with  a  few 
larger  ones  and  some  neuroglia-cells  {granule  layer,  fig.  560,  d).  The 


7t.  emboLvfhhfnls 


n..Qlohesus 
—    '  -rvJccsbLgLi- 


Choroidal, 

Kit!   5.59— Section  across  the  cerebellum  and  medulla  oblosoata 

'silOWlNO  TUE  POSITION   OK  THE  NUCLEI   IN   THE  WHITE  CENTRE  OF  THE 
CEREBELLUM.  (Stilling.) 

,..d.,  nucleus  deutatus  cerebelli ;  ».c.p.,  fibres  of  superior  peduncle  ;  com,  com ,  com  , 
commissural  fibres  ;  X,  rootlet  of  vagus ;  -V//,  rootlet  of  l.ypoglossal  nerve. 

Older  one  is  thicker,  and  is  formed  chieily  of  fine  nerve-fibres  (fig.  562,  A) 
with  small  nerve-cells  scattered  through  it  {molecular  layer,  fig.  560,  b). 
Into  its  outer  part  processes  of  the  pia-inater  conveying  blood-vessels 
pass  vertically.  Lying  between  the  two  layers  of  the  grey  matter 
is  an  incomplete  stratum  of  large  tlask-shaped  cells  (fig.  560,  c)  {cells  of 
Furkinjc,  fig.  561).  Each  of  these  gives  ofif  from  its  base  a  fine  process 
(axon),  which  becomes  the  axis-cylinder  of  one  of  the  meduUated  fibres 
of  the  white  centre,  while  from  the  opposite  pole  of  the  cell  large 
ramified  processes  (dendrons)  extend  into  the  superficial  layer  of  the 
grey  matter. 
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The  dendrons  of  the  cells  of  Purkiuje  spread  out  in  planes  trans 
verse  to  the  direction  of  the  lainellaj  of  the  organ,  so  that  they 
present  a  different  appearance  according  to  whether  the  section  is 
taken  across  the  lamelltB  or  along  them  (compare  figs.  562  and  563). 


Fiii.  500.— Section  of  coktex  of  (.•kkkhklu'm.  (Sankey.) 

a,  iiia-mater  ;  b,  extertual  layer  ;  c,  layer  of  eorpuseles  of  I'urkinje  ;  rf,  inner  or  trranulc 
layer  ;  e,  medullary  eenlre. 

These  dendrons  are  invested  at  their  attachment  to  the  cell,  and 
for  some  extent  along  their  branchings,  by  basket-worlcs  formed  by 
the  terminal  arborisations  of  certain  fibres  {climhimj  or  tmdril  Jihri'^) 
of  the  medullary  centre  (fig.  565  ;  fig.  566,  d.f.).  The  body  of  the  cell 
of  Purkinje  is  further  invested  by  a  felt-work  of  fibrils  formed  by  the 
arborisation  of  axis-cylinder  processes  of  nerve  cells  {hasket  celh)  in  the 
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outer  layer  of  the  grey  matter  (figs.  564;  566,  b).  Each  cell  has 
therefore  a  double  investment  of  this  nature,  one  covering  the 
dendrons,  the  other  the  body  of  the  cell  and  extending  along  the 
commencement  of  the  axon. 

The  c/rannles  of  the  inner  layer  of  grey  matter  are  mostly  .small 
nerve-ceils,  each  with  a  few  dendrons  penetrating  among.st  the  other 


FlC.   .")6L— ACKU,  OF   PnHKIN.JE  OF  THE  CKKHHELT.UM,  SHOWN   r.Y  (iOI.dl  S 

METHOD.  (Cajal.) 
a,  axon  ;  6,  collateral  from  axon  ;  c,  d,  arborisation  of  dendrons. 

granules,  and  an  axon  which  is  directed  between  the  cells  of  Purkinje 
into  the  outer  layer.  After  penetrating  a  variable  distance  into  this 
layer  it  bifurcates,  and  its  two  branches  pass  in  opposite  directions  at 
right  angles  to  the  main  stem,  and  parallel  to  the  direction  of  the 
lamella  (fig.  562).  What  ultimately  becomes  of  the  branches  is  not 
known.  In  sections  cut  across  the  lamella  the  cut  ends  of  these  fibres 
give  a  finely  punctated  appearance  to  the  outer  layer  (fig.  563). 
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Figs.  562  and  563. — Sections  of  cobtex  cebebelli  .stained  by  gomi's 

METHOD.  (Cajal.) 

Fig.  562. — Section  made  in  tlie  direction  of  the  lamina.  Fig.  S63.— Section  taken  across 
the  lamina. 

A,  outer  or  molecular  layer ;  5,  inner  or  granule  layer  ;  C,  medullary  centre. 

a,  corpuscles  of  Purkinje  ;  6,  small  granules  of  inner  layer ;  c,  a  protopla-smic  process 
(dendron)  of  a  granule  ;  if,  nerve-fibre  process  of  a  granule  passing  into  the  molecular 
layer,  where  it  bifurcates  and  becomes  a  longitudinal  fibre  (in  fig.  .'lUH  these  longitudinal 
fibres  are  cut  across  and  appear  as  dots) ;  e,  bifurcation  of  another  fibre  ;  17,  a  gi-anulc 
lying  in  the  white  centre. 


Fio.  564.— Basket-cell  of  cerebkllum  showino  the  arborisations  of  its 

AXON  OVER  THE  CELM  OF  PURKIN.TE.  (Cajal.) 
A,  row  of  Purkinje  cells ;  B,  liasket-cell  of  molecular  layer  ;  (/,  its  denrtrons :  r,  its  axon  ; 
a  and  ft,  endings  of  axon. 
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Some  of  the  cells  of  the  granule  layer  are  far  larger  than  the  others, 
and  send  their  much-branching  axons  amongst  the  smaller  granules 
(cells  of  Golgi,  fig.  566,  g).  Besides  these,  other  large  "  granules  "  have 
been  noticed  by  Cajal,  occurring  both  in  the  granule  layer  and  m  the 
white  centre,  with  long  axons  passing  into  the  white  matter  of  the 
cerebellum.    These  are,  however,  only  rarely  met  with. 

Ramifying  amongst  the  cells  of  the  granule  layer  are  peculiar  fibres 
derived  from  the  white  centre,  and  characterised  by  having  pencils  of 


Fid.  565.— Ending  of  a  "tknuril"  fibre  ovf.r  thk  dendrons  of  .\ 

PUBKINJE  CELL;  HITMAN.  (Cajal.) 

fine  short  branches  at  intervals  like  tufts  of  moss  (fig.  566,  m.f.).  These 
have  been  termed  by  Cajal  the  moss-fibres;  they  end  partly  in  the 
granule  layer,  partly  in  the  molecular  layer. 

The  neuroglia  of  the  cerebellum  is  peculiar  in  containing,  besides  the 
ordinary  branched  and  unbranched  neuroglia-cells  (fig.  565,  gl^,  gl% 
cells  which  possess  long  parallel  processes  which  extend  through  the 
molecular  layer  to  be  attached  to  the  surface  of  the  lamellae  (gP). 
The  cell-bodies  of  these  lie  at  about  the  same  level  as  those  of 
Purkinje's  cells. 
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The  peduncles  of  the  cerebellum  have  been  already  studied  in  connec- 
tion with  the  medulla  oblongata,  pons,  and  mid-brain.  The  inferior 
peduncle  (restiform  body)  is  composed  of  ascending  fibre.s  derived  from 


Fk!.  566.— Di.\orammatic  section  of  ckrebelu'm  to  .show  the  ch.\kacteu.s 

AND  HELATIONS  OF  TUE  CEJ^LS  AND  FIBRES  MET  WITH  IN  TH  K  SEVEEAL  LAYERS 
AS  EXHIBITED  BY  THE  CHROMATE  OF  SILVER  51ETH0D.     (After  Kiilliker.) 
P,  a  cell  of  Purkinje  ;  G,  a  cell  of  Golgi :  h,  a  basket-cell ;  in,  «i,  other  cells  of  the  molecular 
layers  ;  (jr,  granules  ;  p,  a  iierve-flhre  of  the  white  substance  derived  from  a  ftirkinje 
cell ;  ?/!./.,  "  moss  "-fibres  ;  cl.f.,  a  climbing  fibre  ;  gV^,  gV^,  gf\  types  of  neuroglia-cells. 

the  dorsal  spino-cerebellar  tract,  from  both  olivary  nuclei— but  chiefly 
from  that  of  the  opposite  side;  perhaps  also  from  the  nuclei  of  the 
gracile  and  cuneate  funiculi,  from  cells  and  nuclei  of  the  reticular 
formation  of  the  medulla  oblongata,  and  from  the  sensory  nuclei  of 
the  cranial  nerves,  especially  of  the  vestibular  nerve.    The  fibres  of  the 
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spino-cerebellai-  tract  occupy  the  outer  part  of  the  peduncle.  Most 
of  the  fibres  of  the  inferior  peduncle  pass  to  the  vermis,  crossing  to 
the  opposite  side  over  the  fourth  ventricle,  but  before  doing  so  they 
give  off  strong  collaterals  to  the  hemisphere  of  the  same  side.  The 
inferior  peduncle  also  contains  a  small  bundle  of  fibres  descending 
from  the  nucleus  tecti  of  the  opposite  side  to  the  medulla  oblongata 
(Risien  Russell)  which  bends  round  the  superior  peduncle  to  join  the 
inferior  peduncle,  its  fibres  lying  between  those  of  the  superior 
peduncle  and  Gowers'  bundle.  The  inferior  peduncle  contains  a  very 
small  nucleus  of  grey  matter  (Dejerine)  which  is  almost  completely 
concealed  amongst  the  mass  of  white  fibres  (fig.  536). 

The  middle  peduncle  is  formed  of  fibres  from  the  cells  of  the  nuclei 
pontis  which  are  passing  to  the  opposite  hemisphere  of  the  cerebellum. 

The  superior  peduncle  is  formed  of  fibres  which  mostly  take  origin 
in  the  corpus  dentatum  cerebelli,  but  some  are  said  to  arise  in  the 
hemisphere  and  pass  through  this.  The  superior  peduncles  decussate 
in  the  mid-brain  across  the  raphe,  and  their  fibres  then  bifurcate  into 
ascending  and  descending  branches.  The  ascending  branches  pass 
forwards  and  end  in  the  red  nucleus,  but  some  fibres  go  past  this 
into  the  ventral  part  of  the  thalamus.  The  descending  branches  are 
traceable  into  the  dorsal  part  of  the  reticular  formation  of  the  pons. 

The  superior  peduncle,  as  it  issues  from  the  hemisphere,  is  joined  by 
the  bundle  of  Gowers,  which  runs  over  it,  and  passes  backwards  along 
its  mesial  border  to  the  vermis. 


STRUCTUKE  OF  THE  CEREBKUiM. 

The  grey  matter  of  the  cerebral  cortex  is  described  as  if  composed 
of  a  number  of  layers,  but  they  are  not  sharply  marked  off  from  one 
another  and  they  vary  in  relative  development  in  difierent  regions  of 
the  cortex.  The  cells  are  for  the  most  part  of  a  pyramidal  shape 
(fig.  567).  The  following  layers  are  generally  distinguishable,  but  in 
some  parts  of  the  cortex  a  larger  number  can  be  made  out : 

1.  A  peripheral  stratum  (molecular  ov  plexiform  layer,  figs.  567,  568, 
1 )  containing  scattered  nerve-cells  and  many  neuroglia-cells.  In  the 
most  superficial  part  of  this  layei-,  immediately  under  the  pia-mater,  is 
a  thin  stratum  of  medullated  nerve-fibres,  and  besides  these  the  layer 
contains  a  large  number  of  fibres,  many  of  which  arc  ramified. 
They  ai-e  mostly  derived  from  the  deeper  nerve-cells  of  the  cortex. 
Intermingled  with  these  fibres  are  a  certain  number  of  ramified 
nerve-cells,  which  have  .several  long  horizontally  dispo.sed  dendrons 
and  a  long  axon,  all  of  which  terminate  by  arborisation  within  the 
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superficial  layer  {horizontal  cells  of  CajaJ)  (fig.  568).  Besides  these, 
othei's  of  a  somewhat  similar  character  but  with  short  axis-cyliuder 
processes  occur  in  this  layer. 

2.  A  layer  of  closely  set  small  pyramidal  uerve-cells,  several  deep 
{layer  of  small  pyramids,  fig.  567,  2).  This  layer  also  contains  other 
cells  with  short  axons  (fig.  578,  E,  P,  g). 

3.  A  layer  of  medium-sized  pyramidal  cells  less  closely  set,  with 
small  granule-like  cells  amongst  them  {layer  of  medium-sized  pyramids, 
fig.  567,  3 ;  fig.  578,  j,  h,  k). 

4.  A  layer  of  larger  pyramidal  cells  {superficial  large  //ynnmds, 

fig.  567,  4). 

5.  A  layer  of  small  irregular  cells  {small  stellate  cells,  fig.  567,  5). 
The  large  pyramids  may  extend  down  into  this  layer. 

6.  A  layer  of  still  larger  pyramids  {deep  large  pyramids,  fig.  567,  6). 
In  the  motor  region  of  the  cortex,  which  in  man  is  confined  to  the 
precentral  gyrus  and  paracentral  lobule,  pyramidal  cells  of  very 
large  size  (giant  cells)  occur,  and  are  disposed  in  small  clusters  or 
"  nests "  (Betz,  Bevan  Lewis).  The  fibres  of  the  pyramid-tract  arise 
from  these  giant  cells.  In  some  parts  of  the  cortex  this  layer  is 
absent  or  is  blended  with  the  next  layer. 

7.  A  layer  of  medium-sized  pyramidal  cells  {deep  medium  pyramids, 
fig.  567,  7). 

8.  A  layer  of  small  scattered  cells,  many  of  a  fusiform  shape 
(jiolymorphous  layer).  This  layer  lies  next  to  the  white  centre.  In  the 
island  of  Reil  it  is  considerably  developed,  and  is  separated  from  the 
rest  of  the  grey  matter  by  a  layer  of  white  substance.  It  is  here 
known  as  the  claustrum,  and  on  that  account  the  layer  is  sometimes 
termed  the  daustral  layer. 

Some  authorities  describe  the  cortex  as  consisting  only  of  three  layers, 
viz.  :  the  molecular  layer,  the  layer  of  pyramids,  and  the  layer  of  polymor- 
phous cells  ;  others  of  four,  five,  etc.,  up  to  nine.  As  a  matter  of  fact,  the 
complexity  and  the  number  of  distinct  layers  vary  in  ditterent  regions.  The 
pyramidal  cells  of  the  cortex  are  so  termed  fiom  the  shape  of  the  cell-body, 
which  usually  gives  oil'  several  deudrons  from  the  base  of  the  pyramid  and 
one  large  dendron  from  its  ajjex.  This  pi'ocess  extends  to  the  plexiform 
layer,  on  approaching  which  it  breaks  up  into  numerous  ranntications  which 
have  a  general  vertical  direction  and  extend  almost  to  the  outer  surface. 
This  apical  dendron  is  beset,  both  in  its  undivided  part  and  in  its  branches, 
by  minute  spinous  projections  (as  seen  in  specimens  prepared  by  the  Golgi 
iilethod).  The.se  projections  are  believed  by  some  authors  to  be  retractile 
(aiiKfboid)  and  to  be  the  means  of  ettecting  (or  breaking)  nervous  connection 
with  attereut  fibres  ;  since  they  are  in  .some  prc]jarations  prominent,  in  others 
hardly  visible  ;  .sometimes  the  dendrons  are  entirely  free  from  them,  and  have 
an  even  outline  or  may  be  slightly  iiioniliforni.  All  the  i)yraiiiidal  cells  have 
a  single  axon,  which  is  usually  "directed  towards  the  medullary  centre,  of 
which  it  forms  one  of  the  fibres  ;  but  the  axon  sometimes  curves  back  and 
passes  outwards  again,  ending  in  arborisations  in  one  of  the  other  layers. 


Fll'     508  — DiACKAM   SIIOWINO   THE  RKI.ATIOKS  Ol-   SOMK  OK  THK  VVAAJi  IN  Tllli 

CEKKBRM.  ('OKTHX.    (Barker,  after  Starr,  Strong,  and  Learning.) 
1    iilexiforni  layer  with  cells  of  Cajal  ;  2,  small  (rf,  e)  and  middle  si/.ed  tO  P.vramids  ; 
S  larire  i.vfai.iids  k);  also  ni,  cell  with  axon  passing'  towaixls  the  surface,  but 

soon  ran  ifvinsr  ;  »,  H,'cell  of  Golsri's  second  type,  with  axon  ramifying  M,  the  adjacent 
^rev  matter  :  one  of  these  belonirs  to  the  kind  termed  In;  Cajal  double-brush  cells ; 
4  Vo  vmorphous  cells,  of  which  sends  its  axon  towards  the  surface  and  q  its  axon 
into  the  medullarN  centre.  .■>,  which  contains  also  the  axons  of  the  pyranuds ;  r,  r, 
afferent  fibres,  en(\in(r  in  the  cortex 
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Intennin-led  with  the  pynunid.s  and  polymorphous  cells  are  two  other 
kinds  cells,  viz.  :  (1)  cells  with  axis-cylinder  i^'occss  rauufy.ng  near  the 
ce  1-ho  y  h  se  occuV  in  all  the  layers  (fig.  578)  and  (2  snudl  cells  .sending 
their  axons  towards  the  plexiform  layer  (Martinotti),  these  are  found 
chierty  in  the  deeper  layers  of  the  cortex. 

From  the  white  centre  bundle.s  of  meduUated  nerve-fibres  pass  in 
vertical  streaks  through  the  deeper  layers  of  the  grey  matter  to 
lose  themselves  amongst  the  pyramidal  cells  of  the  more  superficial 
layers  (figs.  574,  577).  Many  large  fibres,  however,  are  seen  run- 
ning not  "vertically  but  obliquely  into  the  grey  centre  from  the  white 
matter.  Most  of  the  vertically  disposed  fibres  are  the  nerve-fibre 
processes  of  the  pyramidal  and  polymorphous  cells,  and  tlierefore  take 
origin  in  the  cortex ;  others,  including  the  oblique  fibres  just  men- 
tioned, are  passing  into  the  cortex,  probably  from  the  thalamus,  to  end 
amongst  the  cells  of  the  several  layers  in  free  arborisations  (fig.  570). 

Besides  these  vertical  strands  of  fibres  there  are  others  which  lie  in 
planes  parallel  to  the  surface  of  the  cortex,  and  which  are  derived 
partly  from  the  fibres  which 
enter  the  cortex  from  the  white 
matter,  partly  from  the  collaterals 
which  are  given  off  from  the  axis- 
cylinder  processes  of  the  cortical 
cells  themselves.    The  planes  in 

which    these    fibres    occur  are   

(1)  near  the  surface,  in  the  plexi-      p^..  ggfi^sncTioNs orcEKEnKALcoN- 
form    (molecular)    layer:    this  volutions.    (After  Baillarger.) 

superficial  stratum  of  white  fibres  (NaUu-al  size. ) 

"  r                                    ,       ,  .  a,  from  ttie  neit'libonrliood  of  the  caloanne 

is    best    marked    in    the    hippo-  fissure  with  onl.\-  one  wliite  line  clearly 

'■ '■  visible  (the  line  of  Cieiniari) ;  ordniary 

campal  region  ;  (2)  in  the  layer  tvpe,  with  the  superficial  white  layer  and 

^               .      .               .,       ,  outer  and  inner  lines  of  Baillar^jer  shown. 

of  medium-Sized  pyramids  :  here 

the  fibres  give  the  appearance  of  a  whitish  line  in  the  section  of  the 
grey  matter  (oiUer  line  of  Bailhinjer,  fig.  569,  h).  There  is  a  particularly 
dense  plexus  of  fibres  in  this  situation  in  certain  regions  of  the  cortex, 
especially  in  the  occipital  lobe  (in  man  in  the  convolutions  bounding  the 
calcarine  fissure),  producing  a  very  distinct  line,  here  known  as  the  line 
of  Gennari  (fig.  569,  a).  This  plexus  of  nerve-fibres  is  in  intimate  associa- 
tion with  certain  large  and  small  stellate  cells  which  are  characteristic 
of  the  visual  region.  (3)  In  most  regions  of  the  brain,  in  the  plane  of 
the  layer  of  large  pyramids,  another  white  line  is  seen  ;  this  is  known 
as  the  iimer  line  0/ Baillarger.  The  planes  in  which  these  white  lines 
are  found  are  characterised  e.specially  in  the  occipital  and  temporal 
lobes,  by  the  presence  amongst  the  pyramids  of  great  numbers  of 
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small  nerve-cells,  amongst  which  the  white  fibres  of  the  layers  ramify 
and  probably  terminate. 

The  axis-cylindei-  processes  of  tlie  pyramidal  cells  pass  into  the 
white  centre.  Here  some  of  them  are  continued  into  the  corpus 
callosum,  and  through  this  to  the  cortex  of  the  opposite  lieniisphei'c 
(commii^mral  fibres) ;  others  form  associutionfibref^  which  eventually  pass 


Fig.  570. — Preparation  showin(!  some  of  the  .aj-ferent  fibres  of  the 

ASCENDING  frontal  GYRUS— HUMAN.  (Cajal.) 

4,  part  of  seconfl  layer;  B,  layer  of  medium-sized  pjTamids  with  close  terminal  plexus; 
C  to  D,  intermediate  ])lexus  of  horizontal  fibres ;  E,  deep  plexus  of  larpe  oblique 
afferent  fihres ;  a,  h,  afferent  fibres  arborising  in  the  layer  of  middle  pyramids, 
amoTiffst  which  thev  form,  along  with  fibres  derived  from  cells  in  the  cortex  itself, 
the  dense  plexus  which  is  shown  m  the  left  half  of  the  fifrure.  The  efferent  fibres 
are  not  shown  in  this  fifture. 

again  into  the  grey  matter  of  other  parts  of  the  same  hemisphere; 
whilst  others  again,  especially  those  of  the  largest  pyramidal  cells, 
extend  downwards  through  the  corona  radiata  and  internal  capsule. 
These  include  the  projecfion-fi.brex  of  the  pyramid  tract  and  of  the 
cortico-pontine  tract.  As  the  projection  fibres  pass  through  the  grey 
and  white  matter  of  the  liemisphere  they  give  off  collateral  fibre.s  to 
the  adjacent  grey  matter,  to  the  corpus  callosum,  and  to  the  corpus 
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striatum  and  optic  thalamus,  and  some  probably  end  in  these  masses  o 
crey  matter.    According  to  Cajal,  in  the  brain  of  man  as  compared 
tvith  the  lower  mammals,  there  is  a  marked  preponderance  of  the  cells 
with  short  axis-cylinder  ramifying  near  the  cell  body.    Such  cells  are 
most  numerous  in  the  layer  of  stellate  cells  and  in  the  layer  of  small 

pyramids.  „ 
The  neuroglia  of  the  cortex  cerebri  contains  all  three  types  ot 
-lia  cell  (p.  181),  viz.  :  spider  cells,  arborescent  cells,  and  cells  the  body 
of  which  is  placed  near  the  surface  while  the  processes  extend  for  a 
considerable  distance  vertically  into  the  grey  matter  (fig.  571).  Ihc 


Fill.  571.— Nkuroglia  cells  of  cortkx  cekehri  :  r:oL(!i  method.    (O.  Retzius.) 

ependyma  cells  of  the  ventricles  are  also  prolonged,  like  the  cells 
of  the  central  canal  of  the  cord,  in  the  form  of  long  neuroglia-like 
fibres  into  the  adjacent  grey  matter. 

Special  features  of  certain  parts  of  the  cortex.— There  is,  as  already 
stated,  a  great  amount  of  variation  met  with  in  the  relative  extent  of 
development  of  the  above  layers.  This  is  exemplified  in  the  accom- 
panying drawings  by  Cajal  (figs.  572  to  577)  of  certain  convolutions 
in  the  human  brain.  From  these  it  will  be  seen  that  smaller-sized 
cells  prevail  in  some  regions  of  the  cortex  (occipital,  temporal) ;  larger 
and  fewer  cells  in  others  (frontal,  parietal,  limbic).  Nests  or  groups 
of  very  large  "giant"  cells  are  characteristic  of  the  "motor"  region 
(precentral  gyrus  and  paracentral  lobule  in  man  and  anthropoid 
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Fi<:.  572. — Suction  of  i'ost-ckntrai.  oyrus  of  man,  staineo  hy 
Niss]>'s  method.  (Cajal.) 
1,  plexiform  layer ;  2,  small  pyramids  ;  S,  medium  in  raniids  ;  4,  suiierflcial  larpe  nyramids  ; 
fi,  small  stellate  cells  (granules);  0,  deep  lar^'e  and  medium  pyramids;  7,  fusiform 
cells. 

Fio.  573.— .Section  of  precentkal  oyrfs  (motor  cortex),  stained 
BY  Ni.ssi/s  METiion.  (Cajal.) 
1  to  n  a-s  before ;  a,  c,  small  cells  amoni^st  llie  jiyramids  ;  (»,  a  larpe  pyramid  ;  d,  a  plant 

cell  of  Hetz. 

F[(i.  574. — Section  of  one  of  the  motor  coNVOLtrriONS  (man), 

STAINED  )!V  WEKJERT-l'AIi  METHOD.  (Cajal.) 


Fio.  575.  Fi(i.  576.  Fio.  577. 

Fi<!.  575.— Calcarine  (visital)  coktex  of  man.  (Cajal.)  Nissl's  method. 
1,  plexifonn  layer;  2,  small  pyramids;  :^,  medium  pyramids;  4,  stellate  cells 

(cliaracteristic;  of  this  part  of  the  cortex) ;  R,  small  stellate  cells  ;  0,  a  deep  plexifonn 
layer,  coiitainintf  some  small  pyramids  ;  7,  large  pyramids  ;  S,  layer  of  small  and 
medium  pyramids  with  bent  ascending  axons ;  0,  fusiform  cells. 

Fifi.  57(5.— Suction  of  fikst  temporal  oyrvs  (acoustic  corte.v)  of  man, 

STAINED  UY  NISSL'S  METHOD.  (Cajal.) 
1,  plexifonn  layer  ;  2,  Ittver  of  small  pyramids  ;  H,  superficial  medium  pyramids  ;  4,  large 
pyramids ;  5,  small  stellate  cells  (granules) ;  U,  deep  n.edium  pyramids :  7,  fusiform 
cells. 

Fi(!.  577. — Section  of  the  first  temporal  (lyitua  (man),  .stained  hy 
WElcKHT-PAL  method.  (Cajal.) 
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apes) ;  these  cells  give  origin  to  the  fibres  of  the  pyramid  tract,  and 
undergo  Isissl  degeneration  when  these  fibres  are  severed.  The 
occipital  region  (in  man,  the  neighbourhood  of  the  calcarine  fissure) 
is  especially  characterised  by  the  great  numbers  of  small  stellate  cells 
and  by  the  presence  in  the  layer  superficial  to  them  of  a  stratum  of 
very  large  stellate  cells  with  long  spreading  dendrons  (fig.  575,  4) : 


Fio.  578.  —Superficial  layeks  of  motor  cortex  of  child  :  goloi  method.  (Cajal. ) 
ABO,  cells  of  Cajal  in  plexifonn  layer  ;  D  to  Iv,  cells  of  type  ii.  of  Golpi  (with  axons 
ramifying  near  cell-borly);  H,  J,  "double-brush  "  types  of  cell. 

amongst  these  stellate  cells  (small  and  large)  the  optic  fibres  from 
the  lateral  geniculate  bodies  ramify.  A  preponderance  of  small 
stellate  cells  is  also  seen,  but  to  a  less  extent,  in  sections  of  the 
temporal  lobe;  to  a  still  less  extent  in  the  prefrontal  and  parietal 
regions.  The  first  temporal  gyrus  is  characterised  by  the  presence 
in" nearly  all  the  layers,  but  especially  the  deepest,  of  special  large 
cells  with  widely  spreading  dendrons  and  an  axon  passing  towards 
the  white  substance  but  giving  off  many  collaterals  in  the  grey  matter. 
There  are  also  very  many  cells  with  axis-cylinder  ramifying  in  a  most 
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complex  manner  near  the  cell-body,  mainly  in  a  plane  vertical  to  the 
surface.  The  hippocampal  gyrus  has  groups  or  islets  of  stellate  cells 
(islets  of  small  cells  alternating  with  islets  of  larger)  in  the  plexiform 
layer  (see  p.  494).  The  cortex  of  the  insula  has  special  cells  similar  to 
those  in  the  first  temporal  gyrus,  and  is  further  characterised  by  the 
peculiar  spindle-shape  of  many  of  the  large  pyramids. 

The  size  and  number  of  the  medullated  fibres  vary  in  different 
regions.  In  some  they  are  large  and  numerous  (motor  part  of  frontal 
lobe,  calcarine  area,  hippocampal  area),  in  others  fine  and  much  less 
conspicuous  (gyrus  fornicatus,  temporal  area,  parietal  area,  prefrontal 
area,  insula  and  lobus  pyriformis),  whilst  an  intermediate  condition 
presents  itself  in  the  occipital  area  (except  the  calcarine  region),  the 
transverse  temporal  gyri  and  superior  temporal  gyrus,  and  the  part 
of  the  frontal  immediately  in  front  of  the  motor  region.  These 
diflterences  have  been  employed  by  Campbell  in  attempting  to 
differentiate  the  functions  of  the  various  cerebral  regions  by  a 
comparison  of  their  structure.^ 

THE  RHINENCEPHALON. 

The  rhinenceplialon  (olfactory  region  of  the  telencephalon),  on 
account  of  the  peculiarities  of  its  structure,  its  importance  in  most 
animals,  and  the  fact  that  it  has  been  the  part  of  the  telencephalon  to 
appear  first  in  phylogenetic  development  merits  a  special  description, 
although  in  man  and  primates  generally,  and  in  some  other  (micros- 
raatic)  mammals,  it  is  reduced  to  a  comparatively  rudimentary  condition. 
On  the  other  hand,  in  the  so-called  osmatic  (macrosmatic)  mammals 
there  is  a  hollow  olfactory  bulb  forming  the  anterior  termination  of  a 
thick  olfactory  lobe  which  broadens  out  behind,  where  it  is  continuous 
with  the  hippocampal  gyrus  and  hippocampus.  The  whole  forms  a 
pyriform  mass,  which  is  separated  from  the  rest  of  the  cortex  by  a  well- 
marked  fissure — the  limbic  Jissure — and  has  special  connections  through 
the  anterior  commissure  and  fornix  with  other  parts  of  the  brain  on 
the  same  and  on  the  opposite  side. 

In  man  the  rhinencephalon  consists  anteriorly  of  the  small  olfactory 
bulb  from  which  the  thin  olfiiclory  trad,  extends  backwards  to  the 
grey  matter  at  the  base  of  the  brain  and  to  the  hippocampal  region. 
Posteriorly  the  cortex  of  the  rhinencephalon  is  doubled  in  so  as  to 
form  a  projection,  the  hijypocampus  major,  into  the  descending  cornu 
of  the  lateral  ventricle  :  its  edge  here  thins  off  and  is  continued  merely 

'  For  fui-ther  dutaik  lugarding  the  different  regions  of  the  coi-tex  and  illustra- 
tion.s  of  their  structure  the  student  is  referred  to  Schiifer  and  Symington's 
Ne.Hvologi/  (Longmans,  London,  1908). 
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as  an  epithelial  covering  to  the  choroid  plexus  of  the  pia-mater,  which 
is  iiivaginated  into  the  ventricle.  At  this  thin  edge  the  white  matter 
comes  to  the  surface  as  the  fimbria  (which  is  continuous  with  the 
fornix) ;  lying  along  this  is  the  small  and  half-concealed  dentafe  (lyrua, 
which  is  formed  by  the  sharp  bending  of  the  grey  matter,  and  which  is 


Fio.  579.— Srction  across  the  hippocampus  majok,  dentate  fissure, 

DENTATE  FASCIA  AND  FIMBRIA.  (W.  KraUSe.) 
D  fiiscia  (lentata,  or  dentate  convolution  ;  F,  fimbria,  composed  of  longitudinal  fibres 
here  cut  across ;  H,  niedullarv  centre  of  the  hipiiocampal  t'.vrus  prolon^red  around  t_he 
hippocampus,  as  the  so-called  alveus,  into  the  fimbria ;  1,  layer  of  Inrjre  p.vr.imidal 
cells-  2,  their  processes  (stratum  radiatum);  :i,  strat\un  granulosiun;  4,  plexiform 
layer  (stratum  laciniosum) ;  .■>,  superficial  white  layer ;  (i,  nerve-cells  of  fascia  dentata : 
7,'stratum  (rranulosum  of  fascia  deutata  ;  S,  termination  of  superficial  white  layer,  its 
fibres  becoininfr  lonjjitiidinal. 

traceable  round  into  the  hippocampus  major  (from  this  it  is  separated 
by  the  hippocampal  fissure),  while  this  again  is  directly  continuous 
externally  with  the  ciyrn.s  hippocampi.  The  olfactory  lobe  (tract)  is 
connected  directly  with  the  hippocampal  region  by  its  lateral  root, 
whilst  a  mesial  root  passes  into  the  anterior  commissure  and  connects  it 
with  the  rhinencephalon  of  the  opposite  side.     The  structure  and 
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counections  of  all  these  parts  as  they  occur  in  man  may  be  briefly 
alluded  to. 

In  the  region  of  the  hippocampus  major  (figs.  579,  580),  the  cortex 
is  simpler  in  structure  than  elsewhere,  and  in  the  hippocampus  major 


¥W..   580.— Hll'l'OCAMPAL  llECilON  :  (iOL(!I    MKTHDD.  (Ciljal.) 

A,  li,  hiiiiiocampal  f,'\Tus ;  0,  hippocampus  major ;  D,  dentate  jjyrus ;  E,  fimbria ; 
F,  white  matter  of  hippoc-ampal  tf.vrus ;  G,  in  lateral  ventricle;  the  line  points  to 
the  crosseil  spheno-hippocanipal  bundle  ;  H,  lihrea  of  coqjus  eallosum. 

a,  eflerent  fibres  of  hippocamiial  gyrus ;  b,  afferent  fibres  of  hippocampal  jjyrus :  c,  afferent 
fibres  of  hippocampus  and  dentate  gyrus ;  rf,  others  perforating  grey  matter  of  liipjio- 
campal  gyrus ;  e,  others  cut  obliquely  ;  /,  fibres  of  alveus ;  </, cells  of  hippocampus 
major  sending  their  axons  into  the  alveus  and  towards  the  fimbria  ;  i,  Ic,  collaterals 
from  these  axons  passing  to  the  molecular  layer ;  r,  collateral  fibres  of  alveus.  The 
arrows  indicate  the  probable  course  of  the  nerve  impulses. 

itself,  which  is  an  infolded  part  of  the  cortex,  the  pyramids  are  reduced 
to  a  single  layer  of  large  cells  lying  in  the  deeper  portion  and  sending 
their  apical  dendrons  as  long  fibres  into  the  plexiform  layer.  The 
plexiform  layer  and  the  superficial  white  stratum  which  overlies  it  are 
both  very  strongly  marked,  the  plexiform  layer  having  a  distinctly 
reticular  aspect,  due  partly  to  neuroglia  cells,  partly  to  the  arborescence 
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of  the  deiidrons  of  the  pyramids :  the  plexiform  layer  is  here  termed 
stratum  laciniosum ;  internal  to  it  near  the  dentate  gyrus  is  a  layer  of 
closely  packed  small  cells  termed  stratum  granulosuvi.  The  pyramidal 
cells  lie  close  to  the  white  layer  known  as  the  alveus.  This  is  the  part 
of  the  hippocampus  seen  within  the  ventricle,  and  represents  the  white 
matter  of  the  hemisphere.  The  alveus  is  prolonged  externally  into  the 
fimbria,  in  which  its  fibres  become  longitudinal  in  direction  and  are 
continued  into  part  of  the  fornix. 

In  the  dentate  gyrus  (fascia  dentaia,  figs.  579,  580,  d)  the  pyramidal 
cells  (6)  are  arranged  in  an  irregularly  radiating  manner,  occupying  the 
centre  of  the  convolution,  and  surrounded  by  a  ring  of  closely  packed 
small  cells  {stratum  granulosum,  fig.  579,  7).  External  to  these  is  a  thick 
plexiform  layer,  occupied  by  interlacing  fibres  (stratum  laciniosum). 

The  anterior  part  of  the  hippocampal  gyrus,  which  is  known  as 
the  lobus  pyriformis,  and  receives  the  lateral  root  of  the  olfactory 
tract,  is  characterised  by  the  presence  in  the  plexiform  layer  of 
peculiar  nests  of  nerve-cells.  The  cells  in  these  nests  are  of  two 
types,  viz.,  large  polymorphous  cells  and  small  pyramidal  cells,  each 
being  confined  to  its  own  nest.  This  part  of  the  cortex  is  regarded 
by  Cajal  as  the  true  olfactory  region.  In  some  animals  the  anterior 
perforated  space  forms  a  distinct  prominence  of  the  cortex  (tuberculum 
olfactorium)  and  this  is  also  characterised  by  cell-nests  (islets  of  Calleja). 
They  also  occur  in  the  cortex  of  the  hippocampal  fissure. 

The  olfactory  tract  is  an  outgrowth  of  the  brain  which  was 
originally  hollow,  and  remains  so  in  many  animals ;  but  in  man  the 
cavity  has  become  obliterated,  and  the  centre  is  occupied  by  neuro- 
glia, containing  no  nerve-cells.  Outside  the  central  neuroglia  lies 
the  white  or  medullary  substance,  consisting  of  bundles  of  longi- 
tudinal white  fibres.  Most  externally  is  a  thin  superficial  layer  of 
neuroglia.. 

The  olfactory  bulb  (fig.  581)  has  a  more  complicated  structure. 
Dorsally  there  is  a  flattened  ring  of  longitudinal  white  bundles 
inclosing  neuroglia  (1,  2,  3),  as  in  the  olfactory  tract,  but  below  this 
ring  several  layers  are  recognised  as  follows  : 

1.  A  white  or  medullary  layer  (fig.  581,  4,  5),  characterised  by  the 
presence  of  a  large  number  of  small  cells  ("granules")  with  reticu- 
latins  bundles  of  medullated  nerve-fibres  running  longitudinally 
between  them. 

2.  A  layer  of  large  nerve-cells  (6),  with  smaller  ones  ("  granules  ") 
intermingled,  the  whole  embedded  in  an  interlacement  of  fibrils  which 
are  mostly  derived  from  the  cell-dendrons.  From  the  shape  of  most 
of  the  large  cells  of  this  layer  (fig.  582,  m.c.)  it  has  been  termed  the 
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"  mitral "  layer.  These  cells  send  their  axons  upwards  into  the  next 
layer,  and  they  eventually  become  fibres  of  the  olfactory  tract  and 
pass  along  tiiis  to  the  base  of  the  brain,  giving  off  numerous  collaterals 
into  the  bulb  as  they  run  backwards. 

3.  The  layer  of  olfactory  r/lomeru/i  (fig.  581,  7  ;  fig.  582,  gl.).  This 
consists  of  rounded  nest-like  interlacements  of  fibrils  which  are  derived 
on  the  one  hand  from  the  terminal  arborisations  of  the  non-medullated 


41.   'o  caS'^d"  t)j,_ 


ID     -  .^rf  /Ti.  '3  n-P^  Iff       o  If  - .  1 


581.— Section  ackoss  a  pakt  ok  thk  olfactory  bulb.  (Henle.) 

1,  3,  bundles  of  verv  fine  transversely  cut  nerve-fibres,  fonniiiff  the  Haltened  niertullary 
ring,  inclosing  the  central  neuroglia,  2  :  this  ring  is  the  anterior  continuation  of  the 
olfactory  tract ;  4,  5,  white  layer  with  ininierous  small  cells  (granules) ;  0,  niitral-cell 
layer;  7,  layer  of  olfactory  glomeruli;  8,  layer  of  olfactory  nerve-fibres,  bundles  of 
wiiich  are  seen  at  *  passing  through  the  cribriform  plate  of  the  ethmoid  hone. 

olfactory  fibres  which  form  the  subjacent  layer,  and  on  the  other  hand 
from  arborisations  of  dendrons  of  the  large  "mitral"  cells  of  the  layer 
above.  There  are  also  a  few  small  nerve-cells  immediately  external  to 
and  extending  within  the  glomeruli  (periglomerular  cells).  These  are 
short  axoned  cells  and  appear  to  connect  neighbouring  glomeruli. 

4.  The  layer  of  olfactory  nervefibre-s  (fig.  581,  8;  fig.  582,  olf.n.). 
These  are  all  non-medullated,  and  are  continued  from  the  olfactory 
fibres  of  the  olfactory  mucous  membrane  of  tlie  nasal  fossae.  In 
this  mucous  membrane  they  take  origin  from  the  bipolar  olfactory 
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cells,  which  are  characteristic  of  the  membrane  (see  Lesson  XLV.  fig. 
621),  and  they  end  in  arborisations  within  the  olfactory  glomeruli, 
where  they  come  in  contact  with  the  arborisations  of  the  mitral  cells. 


FlO.   582.— DiAKBAM  TO  SHOW  THK  liELATIOiiS  OF  CKI.LS  A>U   KlBKliS  IN  THK 

OLFACTORY  BULB. 

olf.c,  olfactory  cells  of  M.  Schultze  in  the  olfactory  mucous  membrane,  sending  their 
basal  processes  as  non-nieclullated  nerve-fibres  into  the  deepest  layer  of  the  olfactory 
bulb  iolf.n.};  gl.,  olfactory  glomeruli  containing  the  termmal  arborisations  of  the 
olfactory  fibres  and  of  processes  from  the  mitral  cells;  mc,  mitral  cells,  sending 
processes  down  to  the  olfactor\'  glomeruli,  others  laterally  to  end  m  free  ramifications 
111  the  nerve-cell  layer,  and  their  axis-cylinder  processes,  a,  a,  upwards,  to  turn 
sharply  backwards  and  become  fibres  of  the  olfactory  tract  (n.tr.).  Numerous 
collaterals  are  seen  coming  off  from  these  fibres ;  a  nerve-fibre  of  the  olfactory 
tract  ending  in  a  free  ramification  in  the  olfactory  bulb. 
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Fic;  583  — Uiaiikam  of  tiik  olfactory  vath  in  tmk  israin.  To  simplify 
the  diaerani  llie  various  divarications  of  the  olfactory  path  liave  been 
represented  by  branchings  of  individual  fibres,  altliough  in  some  cases  the 
divarication  is  brought  about  by  the  turning  aside  of  bundles  of  entire  hbres. 
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The  relations  of  the  olfactory  cells  and  fibres  to  the  mitral  cells,  and 
the  continuation  of  the  axis-cylinders  of  the  latter  upwards  and  back- 
wards in  the  olfactory  tract,  are  shown  in  the  accompanying  diagrams 
(figs.  582,  583).  Besides  these  centripetal  nerve-fibres  there  are  a 
certain  number  of  centrifugal  fibres  which  end  by  ramifying  in  the 
olfactory  bulb  amongst  the  mitral  cells. 

As  is  seen  in  fig.  583,  many  of  the  fibres  of  the  olfactory  tract  pass 
to  the  hippocampal  region  of  the  brain,  terminating  by  arborescence  in 
the  grey  matter  (molecular  layer)  of  the  base  of  the  olfactory  lobe  in 
the  region  of  the  anterior  perforated  space,  as  well  as  in  that  of  the 
uncus  and  the  hippocampal  gyrus.  Fibres  are  also  given  off  from  the 
olfactory  tract  to  the  anterior  commissure  which  proceed  to  the  oppo- 
site tract  and  bulb.  Besides  these  the  anterior  commissure  contains 
many  fibres  which  are  passing  from  the  hippocampal  region  on  one  side 
to  the  corresponding  region  on  the  opposite  side  of  the  brain.  From 
the  pyramid-cells  of  the  base  of  the  olfactory  lobe  and  hippocampal 
gyrus  fibres  pass  to  the  grey  matter  of  the  hippocampus,  and  from  the 
pyramid-cells  of  the  hippocampus  others  proceed  by  way  of  the 
fimbria  and  fornix  to  the  hippocampus  of  the  other  side,  to  the  sub- 
callosal gyrus  and  septum  pellucidum,  to  the  ganglion  of  the  habenula, 
and  finally  by  the  anterior  pillar  of  the  fornix  to  the  corpora 
mamillaria. 


CORPUS  STRIATUM. 


Besides  the  grey  matter  of  the  cerebral  cortex  the  cerebral  hemi- 
spheres conceal  in  their  deeper  parts  certain  other  masses  of  grey 
substance  (fig.  584).  The  principal  of  these  are  the  cm-pus  striatum 
{nucleus  caudatiis,  u.c.,  and  nucleus  lenticulari%  n.l.)  and  optic  thalamus 
{th.).  Between  them  run  the  bundles  of  white  fibres  which  are 
passing  downwards  to  the  crus  cerebri,  forming  a  white  lamina 
termed  the  internal  capsule.  Above  the  level  of  these  nuclei  the 
internal  capsule  expands  into  the  medullary  centre  of  the  hemisphere. 
Below  the  optic  thalami  are  the  prominent  ganglia  known  as  corpora 
albicant.ia  or  mamillaria.  Of  these  the  optic  thalami  and  corpora 
mamillaria  have  already  been  noticed. 

The  nucleus  caudatus  of  the  corpus  striatum  is  composed  of  a  reddish- 
grey  substance  containing  cells  some  with  long,  others  with  short  axis- 
cylinders;  some  of  the  former  being  very  large.  It  receives  fibres 
from  the  part  of  the  internal  capsule  which  separates  it  from  the 
nucleus  lenticularis,  and  next  to  the  lateral'  ventricle  it  is  covered  by 
a  thin  layer  of  neuroglia,  and  over  this  by  the  epithelium  of  the  cavity 
(ependyma). 
32 
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The  nucleus  lenticularis,  whicli  corresponds  in  position  internallj' 
with  the  island  of  Reil  externally,  is  divided  by  two  white  lamina?  into 
three  zones.  It  is  separated  from  the  nucleus  caudatus  and  optic 
thalamus  by  the  internal  capsule  (fig.  584,  i.e.),  which  consists  of  the 
bundles  of  medullary  fibres  which  are  passing  between  the  white 
centre  of  the  hemisphere  and  the  crus  cerebri ;  it  receives  on  its  inner 


Fto.  584.— Horizontal  sfx'tion  thkouoh  the  optic  thai-amt'S  and  coRrrs 
STRIATUM.  Natural  size. 
!)J.,  lateral  ventricle,  its  anterior  cornu;  c.c,  corpus  callosum;  n.l  ,  septum  pellucidum; 
a.f.,  anterior  pillars  of  the  fornix;  v3,  third  ventricle;  th,  thalamus  oi.ticus . 
si  stria  medullaris  ;  nc,  nucleus  laudatus,  and  iil,  nucleus  lenticulans  of  the  corpus 
striatum  ;  i.e.,  internal  capsule  ;  its  angle  or  genu  ;  nc\  tail  of  the  nucleus  ca.ulatus 
.appearing  in  tlie  descending  cornu  of  the  lateral  ventricle ;  cl,  claustruni ;  I,  island 
OfEeil. 

side  many  white  fibres  from  the  capsule,  and  these  impart  to  it  a 
radially  striated  aspect.  Many  of  the  nerve-cells  of  the  nucleus 
lenticularis  contain  yellow  pigment.  The  fibres  of  the  an.'ia  lenticulario 
appear  to  rise  from  some  of  them,  but  the  e-xact  course  and  destination 
of  these  fibres  is  not  known. 

The  internal  capsule  (fig.  584),  which  is  continued  below  into  the 
crni^ta  (jiex)  of  the  crus  cerebri,  consists  mainly  of  projection-fibres, 
which  are  derived  from  the  cortex  cerebri,  and  are  passing  down  to 
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the  thalamus,  mid-brain,  pons,  medulla  oblongata,  and  spinal  cord. 
A  horizontal  section  across  the  internal  capsule  shows  it  to  be 
bounded  laterally  by  the  lenticular  nucleus,  mesially  by  the  caudate 
nucleus,  the  stria  medullaris,  and  the  optic  thalamus.  Its  section 
shows  a  sharp  bend— the  genu.  The  fibres  from  the  motor  region  of 
the  cortex  (pyramid-tract)  pass  down  in  the  part  of  the  capsule 
extending  from  the  genu  as  far  as  the  posterior  limit  of  the  lenticular 
nucleus.  In  this  area  the  fibres  for  the  head  and  eyes  are  massed 
chiefly  in  the  anterior  part :  tho.se  of  the  lower  limb  in  the  posterior 
part,  and  those  of  the  face,  arm,  and  trunk  occupy  intermediate  posi- 
tions from  before  backward,  in  the  order  named  (Beevor  and  Horsley), 
but  without  being  strictly  confined  to  definite  zones. 

The  fibres  from  the  cortex  to  the  thalamus  lie  mainly  in  the  anterior 
limb  of  the  capsule,  while  the  afferent  fibres  from  the  thalamus  to  the 
cortex  occur  in  the  posterior  part  of  the  posterior  limb,  but  extend 
forwards  .so  as  to  mingle  with  the  descending  fibres  just  referred  to 
as  belonging  to  the  pyramid-tract. 

The  membranes  of  the  brain  are  .similar  in  general  structure  to  those  of  the 
spinal  cord.  The  dura  mater  is,  however,  more  clo.sely  adherent  to  the  inner 
sni'face  of  the  bony  enclosure  than  is  the  case  in  the  vertebral  canal.  The 
arachnoid  is  in  many  places  close  to  the  dm  a  mater,  and  separated  by  a  wide 
subarachnoid  space  (which  is  bridged  across  by  finely  reticulating  bands  of 
areolar  ti.ssue)  from  the  pia  mater.  In  the  vicinity  of  the  longitudinal  sinus, 
small  roimded  elevations  (arachnoiilal  villi,  Pacchionian  glands)  project  into 
the  dura  mater,  and  even  become  embedded  in  the  .skull  itself.  The  pia 
mater  is  closely  adherent  to  the  surface  of  the  brain,  and  dijjs  into  all  the 
sulci,  but  without  forming  actual  folds  (Tuke).  In  it  the  blood-vessels 
ramify  before  jmsiug  into  the  substance  of  the  brain,  and  they  are  accom- 
])anied,  as  they  thus  enter  the  cerebral  suljstance,  by  prolongations  of  the  pia 
mater,  which  do  not,  however,  closely  invest  them,  but  leave  a  clear  .space 
around  each  ves.sel,  presumably  for  the  passage  of  lymph  (perivascular  space). 
The  ca]5illaiy  network  is  much  closei'  in  the  grey  than  in  the  white  matter. 
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LESSONS  XLVI.,  XLYIL,  AND  XLVIII. 

STRUCTURE  OF  THE  EYELIDS  AND  OF  THE  FARTS 
OF  THE  EYEBALL. 

1.  Sections  of  the  eyelid  vertical  to  its  surfaces  and  transverse  to  its  long 
axis. 

Notice  the  long  sacculated  Meibomian  glands  lying  in  dense  connective 
tissue  close  to  the  conjunctival  surface,  their  ducts  opening  at  the  margin  of 
the  lid.  External  to  these  the  small  fibres  of  the  orbicularis  palpebrarum  are 
cut  across  ;  a  few  of  the  fibres  of  the  muscle  lie  on  the  conjunctival  side  of 
the  duct.  A  short  distance  from  the  Meibomian  gland  may  be  observed  a 
tolerably  large  sebaceous  gland  ;  outside  this  again  are  the  eyela.shes.  lu 
the  skin  covering  the  outer  surface  of  the  eyelid  a  few  small  hair.s  may  be 
seen.  At  the  attached  part  of  the  eyelid  are  some  bundles  of  involuntary 
muscular  fibres  cut  longitudinally  in  the  section,  and  in  the  upper  eyelid  the 
fibrous  attachment  of  the  elevator  muscle  may  be  observed  attached  to  the 
dense  connective  tissue. 

Make  a  general  sketch  under  a  low  power. 

2.  Sections  through  the  posterior  part  of  an  eyeball  (man,  pig).  These 
sections  will  show  the  relative  thickness  of  the  several  coats  and  the  layers 
of  which  each  coat  is  formed.  Sections  which  pass  through  the  point  of 
entrance  of  the  optic  nerve  will  also  exhibit  the  manner  in  which  the  nerve- 
fibres  pierce  the  several  coats  to  reach  the  inner  surface  of  the  retina.  The 
modifications  which  are  found  in  the  neighbourhood  of  the  yellow  spot  may 
be  made  out  in  sections  through  that  region  ;  but  they  must  be  taken  from 
the  human  eye,  or  from  that  of  the  ape. 

3.  Sections  of  the  anterior  half  of  an  eyeball.  These  sections  should  pass 
through  the  middle  of  the  cornea.  The  lens  may  be  left  in  situ,  but  this 
renders  the  preparation  of  the  sections  and  the  mounting  of  them  ditticult 
on  account  of  the  extreme  hardness  which  is  imparted  to  the  lens-tissue  by 
alcohol.  1 

In  these  sections  make  a  general  sketch  under  a  low  power,  showing  the 
relations  of  the  several  parts  one  with  another  ;  and  study  carefully,  and 
sketch  in  detail,  the  layers  of  the  cornea,  the  junction  of  the  cornea  and 
sclerotic,  the  ciliary  muscle,  the  muscular  tissue  of  the  iri.s,  the  mode  of 
suspension  of  the  lens,  and  the  pars  ciliaris  retinre. 

4.  Mount  in  glycerine  thin  tangential  sections  of  a  cornea  stained  with 
chloride  of  gold  by  Cohnheiin's  method  ;  if  from  the  frog,  the  cornea  can 
be  torn  with  line  forceps  into  thin  lamelhv,  which  are  mounted  whole. 
Sketch  three  or  four  of  the  connective-tissue  cells  (corneal  corpu.>^cle.s).  The 
arrangement  and  distribution  of  the  nerve-fibres  and  their  termination 
amongst  the  epithelium-cells  as  shown  in  chloride  of  gold  preparations  have 
been  already  studied  (Lesson  XIX.). 

»  The  celloidin  method  of  embedding  is  well  adapted  for  preparations  of  this 
kind. 
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Mount  in  .glycerine  or  dannnai'  sections  of  a  cornea  winch  has  been 
stauied  witli  nitratb  of  silver.  Notice  the  branched  cell-spaces  correspond- 
ing witli  the  connectivc-ti.ssue  cells  of  the  last  pre])a.i ation. 

"[This  preparation  is  best  made  by  robbing  the  surface  of  the  cornea  of  a 
lecentlv  killed  animal  with  lunar  caustic,  lir.st  scrapuig  oH  the  epjthebuu 
with  a'scalpcl.    After  ten  minutes  (l)y  which  tune  the  nitrate  ^t  «dver  wi 
have  Denetrated  the  thickness  of  the  cornea)  the  eye  is  washed  with  distilled 
water  and  exposed  to  the  light.    When  brown,  tangential  sections  may  be 
made,  for  which  jjurpose  the  stained  cornea  may  l)e  hardened  in  sjjirit.J 

0  Remove  the  sclerotic  from  the  anterior  part  of  an  eye  which  has  been 
preserved  in  Miiller's  fluid,  and  tear  ott'  thin  .shreds  from  the  surface  ot  the 
choroid,  including  amongst  them  portions  of  the  ciliary  muscle  btain  the 
shreds  with  hccniatoxylin  and  mount  them  in  glycerine.  Sketch  the  branclied 
pigment-cells,  the  elastic  network,  the  mode  of  attachment  of  the  hhres  ot 
the  ciliary  muscle,  etc. 

7  Injected  preparation  of  choroid  and  iris.  Mount  portions  of  the  choroid 
ui.at  and  iris  from  an  eve  (preferablv  of  an  albino  animal),  the  blood-vessels 
of  which  have  been  tilled  with  coloured  injection.  Make  sketches  showing 
the  arrangement  of  the  capillaries  and  veins. 

8  Teased  pre])aration  of  human  retina.  Break  up  with  needles  in  a  drop 
of  criycerine  a  minute  fragment  of  retina  which  has  been  placed  in  1  per 
cent,  osniic  acid  solution  for  .some  hour.s,  and  has  subsequently  been  kept  in 
dilute  u-lycerine.  Complete  the  separation  of  the  retinal  elements  by  tapping 
the  cover-o-lass.  Draw  carefully  under  a  high  power  some  of  the  isolated 
elements— e.f/.  the  rods  and  cones  with  their  attached  fibres  and  nuclei,  the 
inner  granules,  the  ganglion-cells,  the  fibres  of  Miiller,  hexagonal  piginent- 
cells,  e'tc.  In  .some  of  the  fragments  the  arrangement  of  the  elements  in  the 
retinal  layers  may  lie  made  out  even  better  than  in  the  actual  sections.' 

Measure  the  length  and  diameter  of  some  of  the  cones,  the  length  of  the 
cone-fibres,  and  the  diameter  of  some  of  the  outer  and  inner  nuclei. 

0.  Teased  jji  eparation  of  frog's  retina.  To  l>e  prepared  in  the  same  way  as 
8.  Notice  the  very  large  rods,  their  outer  segments  breaking  up  into  disks, 
and  the  relatively  small  cones.  Also  the  pigment  extending  between  the 
rods,  the  distance  varying  according  as  the  eye  has  been  kept  in  the  dark  or 
in  the  light.    A  fresh  frog-retina  should  also  be  teased  in  salt  solution. 

10.  Sections  of  retina  of  ox  or  dog,  which  have  been  prepared  by  tiolgi's 
method.  A  cnirled-up  piece  of  fre.sh  retina  is  placed  in  osmium-bichromate 
mixture  and  is  sul)seipiently  treated  with  nitrate  of  silver  solution.- 

1 1 .  Tea.sed  preparation  of  lens.  Separate  in  water  the  fibres  of  a  crystalline 
lens  which  has  been  macerated  for  some  days  in  bichromate  of  jjotassium  or 
dilute  formol  .solution.    Sketch  some  of  the"  fibres,  together  and  separate. 


The  eyelids  (fig.  585)  are  covered  externally  by  the  skin,  and 
internally  or  posteriorly  b}'  a  mucous  membrane,  the  covjnnctiva,  which 
is  reflected  from  over  the  globe  of  the  eye.  They  are  composed  in 
the  main  of  connective  tissue,  which  is  dense  and  fibrous  under  the 
conjunctiva,  where  it  forms  what  is  known  as  the  tarsus. 

'  For  the  distribution  of  the  nervc-fihres  and  cell-processes  within  the  retina 
Golgi's  silver  chroniate  method  should  ho  employed  (see  §  10). 

-See  Appendix.    Cajal's  reduced  silver  method  may  also  be  used. 
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Embedded  in  the .  tarsus  is  a  row  of  long  sebaceous  glands  (the 
^Meibomian  glands,/),  the  ducts  of  which  open  at  the  edge  of  the  eyelid. 
The  rest  of  the  thickness  of  the  eyelid  is  composed  of  a  somewhat 
loose  connective  tissue,  and  contains  the  bundles  of  the  orbicularis 


Fig.  585. — Vertical  section  throuqh  the  upper  eyelip.  (Waldeyer.) 

a,  skin  :  6,  orbicularis  ;  b',  eiliar^■  Inmdle  ;  c,  involuntory  muscle  of  eyelid  ;  rf,  conjunctiva  ; 
e,  tarsus  with  Meibomian  g\a.m\  \  /,  duct  of  the  ^rla"<1 ;  ff.  sebaceous  pland  ne.ar 
eyelashes ;  h,  eyelashes ;  i,  small  hairs  in  outer  skni ;  j,  sweat-glands ;  k,  posterior 
tarsal  glands. 

muscle  (6).  In  the  upper  eyelid  the  levator  palpebra;  is  inserted  into 
the  tarsus  by  a  fibrous  expansion,  and  some  bundles  of  involuntary 
muscle  are  also  present  near  the  attachment  of  the  eyelid.  The  skm 
has  the  usual  structure;  it  contains  small  sweat-glands,  and  the 
follicles  of  small  hairs,  and,  in  addition,  at  the  edge  of  the  eyelid,  the 
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lar-re  hair-follicles  from  which  the  eyelashes  grow.  The  epithelium 
of  die  conjunctiva  palpebrse  is  columnar,  passing  at  the  edge  of  the 
lid  into  the  stratified  epithelium  of  the  skin  ;  it  also  becomes  stratified 
in  the  part  which  is  reflected  over  the  globe  of  the  eye.  The  nerves  of 
the  conjunctiva  terminate  for  the  most  part  in  end-bulbs,  which  in  man 
are  spheroidal,  and  formed  chiefly  of  a  small  mass  of  polyhedral  cells  ; 
but  in  the  calf  and  most  animals  they  are  elliptical. 

The  lacrymal  glands  may  be  mentioned  in  connection  with  the 
eyelid.  These  are  compound  racemose  glands  yielding  a  watery 
secretion.    Their  alveoli  are  lined  by  columnar  cells  which  are  normally 
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Fk;.  586. -Alveoli  of  l.vcrvmal  <iLANi)  of  ox.    (B.  Fleischer.)  Magnified 

800  diameters. 

Some  of  the  cells  contain  fine  darkly  stained  secretion  (franules.   The  larger  secretion 
(n-aiuiles  of  the  ordinary  cells  of  the  alveoli  are  not  stained. 

filled  with  granules,  but,  after  profuse  secretion,  these  disappear,  and 
the  cells  become  shorter  and  smaller.  The  ducts,  of  which  there  are 
several,  open  at  the  upper  fold  of  the  conjunctiva  near  its  outer 
extremity. 

TEE  EYE-BALL. 
THE  SCLERA  ANU  CORNEA. 

Tlie  glolDe  of  the  eye  (fig.  587)  is  enclosed  by  three  coats,  the  cornea- 
sclera,  choroid-iris,  and  retina.  It  is  filled  by  the  vitreous  and  aqueous 
humours  and  the  crystalline  lens  which  lies  between  them. 

The  sclerotic  coat  is  composed  of  dense  fibrous  tissue,  the  bundles 
of  which  are  intimately  interlaced.  It  is  thickest  at  the  back  of  the 
eyeball.    It  is  covered  externally  with  a  lymphatic  endothelium,  while 
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internally  it  is  lined  by  a  layer  of  connective  tissue  containing  pigment- 
cells,  which  give  it  a  brown  appearance  {lamina  fusca).  At  the  entrance 
of  the  optic  nerve  the  sclerotic  is  prolonged  into  the  sheath  of  that 
nerve,  the  bundles  of  which,  piercing  the  coat,  give  a  sieve  like  aspect 
to  the  part  (lamina  cribrosa). 

X 


OPTIC  NERVe 


Fk!.  587. — DiAOKAM  OP  A  SUCTION  T1IK01T(!11  TIIK  (KIUUT)  HUMAN  KVK  TASSIKfJ 
HORIZONTALI.Y    NEAKLV    TIIUOUOH    TllH    JIIDDLK.       M<agnificd    ilbout  4 

diameters. 

a,  b,  fqiKitor ;  x,  ;/,  oi>tic  axis. 

The  cornea  (figs.  588,  589)  consists  of  the  following  layers  (enumer- 
ated from  before  back) : 

1.  A  stratified  epithelium  continuous  with  the  epithelium  of  the 
conjunctiva. 


THE  CORNEA. 


2.  A  thin  lamina  of  homogeneous  connective  tissue  {membrane  of 
Botvman),  upon  which  the  deepest  cells  of  the  epithelium  rest. 


Fic.  ;588.— Vektici.vl  skctios  of  jiuman  cornea  from  nkak  the  smarcin. 
(Waldeyor.)  Magnified. 

/,  epithclimii ;  anterior  lioinotfeneous  lamina  ;  .J,  substantia  iiropria  c-ornea3 ;  /,,  iiosterior 
homogeneous  (elastic)  lamina  ;  epithelium  of  the  anterior  chamber  ;  a,  ol)!ii|ue  llhres 
in  the  anterior  layer  of  the  s\ihstantia  propria  ;  b,  lanielUo,  with  their  fibres  cut  across, 
liroducinf,'  a  ilotted  ajjpearanee  ;  c,  corneal  corpuscles  appearinff  fusifonn  in  section  ; 
((,  lamelhu  with  the  fibres  cut  longitudinally  ;  n,  transition  to  the  sclerotic,  with  more 
tlistinet  fibrillation,  and  surmounted  by  a  thicker  epithelium  ;  /,  small  blood-vessels 
cut  across  near  the  margin  of  the  cornea. 

3.  A  thick  layer  of  fibrous  connective  tissue  which  forms  the  pi-oper 
substance  of  the  cornea.  This  is  continuous  laterally  with  the  tissue  of 
the  sclerotic.    It  is  composed  of  bundles  of  white  fibres  arranged  in 
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regular  laminse,  the  direction  of  the  fibres  crossing  one  another  at  right 
angles  in  the  alternate  laminaj.    Between  the  laminie  lie  flattened 


Fig.  589. — Section  df  human  uoknea,  suowinu  the  stkatified  epithelium, 
the  membrane  of  bowman,  .vnp  the  supekficial  layers  of  the 

PROPRIA. 


Fio.  590.— Cells  of  coknea  of  kadbit  stained  with  golu  chlorii 
Magnified  300  diameters. 
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connective-tissue  corpuscles  (fig.  590),  which  are  branched  and  united 
bv  their  processes  into  a  continuous  netwoj  k ;  there  is,  of  course  a 
corresponding  network  of  cell-spaces  (fig.  591).  In  vertical  sections  the 
cells  appear  narrow  and  spindle-shaped.    In  the  superficial  laminse 


Fic;  591.— Cell-sp.\ces  of  coknka  i'kei-akei.  with  s^lvek  mtuate. 
Magnified  300  diameters.    Preparation  by  H.  Priugle. 


¥10.  u'J'i.— EpiTiiKLiUM-CEi.LS  oi'  descemet's  membkane.  (Sniiniow.) 

near  the  margin  there  are  a  few  bundles  of  fibres  which  run  obliquely 
towards  the  surface  (fig.  588,  a). 

4.  A  homogeneous  elastic  layer  (membrane  of  Descemet).  This  com- 
pletely covers  the  back  of  the  cornea,  but  near  the  angle  wliich  the 
cornea  forms  with  the  iris  it  breaks  up  into  separate  fibres  (lujamenhom 


Fiu.  593. —Vertical  section  through  the  cornea.  (Coliuheim.) 

The  corneal  corpuscles  and  the  cells  of  Descemet's  membrane  are  not  rejjresented ;  the 
anterior  epithelium  has  been  drawn  in  only  in  part,  a,  Descemet's  membrane  ;  b,  parts 
of  nerve  ple.\us  in  substantia  propria  ;  c,  branches  going  to  the  epithelium ;  rf,  fibres 
of  the  subepithelial  layer  ;  c,  vertical  fibrils  with  horizontal  outrunners. 


Jm(.;.  .394. — Cici.i.s  .vm)  NEUVii-Fiiinii,.s  ov  imlstkuiui;  si  ki-aci;  m  fkih.'s 
cornka.    Gold  preparation. 
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pectinatum)  whicli  are  partly  continued  into  the  iris  as  the  pillars  of  the 

'"^5.  A  layerof  pavement-epithelium  {epitheliumof Descemet' smemhrane) 
covering  the  posterior  surface  of  the  elastic  lamina,  and  lining  the  front 
of  the  Interior  chamber  of  the  eye  (fig.  588,  5).  At  the  sides  it  is 
continued  over  the  ligamentum  pectinatum  into  a  similar  epithehum, 
covering  the  anterior  surface  of  the  iris.  The  cells  of  the  epithelium 
of  Descemet's  membrane  are  separated  from  one  another  by  inter- 
cellular spaces,  which  under  favourable  circumstances  may  be  seen  to 
be  bridged  across  by  bundles  of  fibiils  which  pass  through  the  cells 

(fig-  592)- 

The  nerves  of  the  cornea  pass  in  from  the  periphery,  losing  their 
medullary  sheath  as  they  enter  the  corneal  substance.  They  form 
a  primary  plexus  in  the  substantia  propria,  a  secondary  or  sub- 
epithelial plexus  immediately  under  the  epithelium  which  covers  the 
anterior  surface,  and  a  terminal  plexus  of  the  fine  fibrils  which  pass 
from  the  subepithelial  plexus  in  pencil-like  tufts  and  become  lost 
between  the  epithelium-cells  (fig.  593).  In  some  animals  {e.g.  frog) 
there  is  also  a  plexus  of  fine  fibrils  near  the  posterior  surface  under 
the  epithelium  of  Descemet's  membrane  (fig.  594).  There  are  no  blood- 
vessels or  lymphatics  in  the  cornea,  although  they  come  close  up  to  its 
margin. 

THE  CHOROID  K&Vi  IRIS. 

The  choroid  or  vascular  coat  of  the  eye  is  of  a  black  colour  in 
many  animals,  but  in  the  human  eye  it  is  dark  brown.  It  is  com- 
posed of  connective  tissue,  the  cells  of  which  are  large  and  filled 
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Fig.  59.5.— Section  of  choroid.    (Cadiat.)  Diagrammatic, 
o,  membrane  of  Bruoh  :  the  ohorio-capillaris  is  just  above  it ;  b,  vascular  layer  ;  c,  vessels 
with  blood  corpuscles ;  rf,  lamina  suprachoroidea. 


with  pigment  (figs.  595,  596).  It  contains  in  its  inner  layer  a  close 
network  of  blood-vessels,  and  in  its  anterior  part  the  involuntary 
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FiCi.  596. — A  SMALL  I'ORTIUN  OF  THE  LAMIN.V  StrPEACHOKOIDEA. 

Highly  magnified. 

The  piginent-cells  and  elastic  fibres  are  well  shown  ;  n,  nuclei  of  endothelial  cells  (the 
outlines  of  the  cells  are  not  indicated) ;  I,  l.\nnph-cells. 


Fin.  597. — Injected  bloob-vessem  of  the  choroid  coat.  (Sappey.) 
1,  one  of  the  larger  veins ;  2,  small  annstomosini;  vessels  ;  3,  branches  dividing  into  the 

smallest  vessels. 


THE  CHOROID. 
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muscular  fibres  of  the  ciliary  muscle,  which  pass  backwards  from 
their  origin  at  the  junction  of  the  cornea  and  sclerotic,  to  be  inserted 
into  the  choroid.  The  choroid  is  separable  into  the  following  layers 
(enumerated  from  without  in) : 

1  The  landna  suprachoroidea  (fig.  595,  d).  This  is  a  loose  membrane 
composed  of  delicate  connective  tissue  pervaded  by  a  network  of  fine 
elastic  fibres,  and  containing  many  large  branched  pigment-cells  and 
lymph-corpuscles  (fig.  596).  It  is  covered  superficially  by  a  lymphatic 
endothelium,  and  is  separated  from  the  lamina  fusca  of  the  sclerotic 
by  a  cleft-like  lymph-space  which  is  bridged  across  here  and  there  by 
the  passage  of   vessels  and   nerves,  and   by  bands  of  connective 

tlSSUG 

2  The  vascular  layer  of  the  choroid  (fig.  595,  b),  which  resembles 
the  suprachoroidea  in  structure,  but  contains  fhe  blood-vessels  of  the 
coat.  In  its  outer  part  are  the  larger  vessels  (arteries  and  veins), 
the  veins  having  a  peculiar  vorticose  arrangement ;  in  its  inner  part 
(chorio-capillaris)  are  the  capillaries,  which  form  an  extremely  close 
network  with  elongated  meshes,  the  capillaries  radiating  from  the 
extremities  of  the  small  arteries  and  veins  in  a  highly  characteristic 
manner  (fig.  597).  In  the  ciliary  processes  the  vessels  have  for  the 
most  part°a  longitudinal  direction,  but  there  are  numerous  convo- 
luted transversely  disposed  capillaries  uniting  the  longitudinal  vessels 
(fig.  602,  d). 

3.  Lining  the  inner  surface  of  the  choroid  is  a  thin  transparent 
membrane  known  as  the  membrane  of  Bruch  (fig.  595,  a). 

The  ciliary  muscle  consists  of  involuntary  muscular  bundles  which 
arise  at  the  corneo-sclerotic  junction,  and  pass  meridionally  backwards 
to  be  inserted  in  the  choroid  (fig.  598,  M).  Many  of  the 'deeper- 
seated  bundles  take  an  oblique  direction,  and  these  pass  gradually  into 
others  which  run  circularly  around  the  circumference  of  the  iris,  and 
on  a  level  with  the  ciliary  processes.  This  set  of  circularly  arranged 
bundles  constitutes  the  circular  ciliary  muscle  of  H.  Muller  {Mu.) ;  it  is 
most  marked  in  hypermetropic  eyes. 

The  iris  is  that  part  of  the  vascular  coat  of  the  eye  which  extends 
in  front  of  the  lens.  It  is  continuous  with  the  choroid  and  has  a 
similar  structure,  but  its  pigment-cells  often  contain  variously  coloured 
pigment.  Besides  the  delicate  connective  tissue  with  numerous 
elastic  fibres  and  blood-vessels  of  which  it  is  chiefly  composed,  it 
contains  two  sets  of  plain  muscular  fibres.  The  one  set  forms  the 
sphincter  muscle  (figs.  598,  s.p.,  599,  a),  which  encircles  the  pupil ;  the 
other  set  consists  of  a  flattened  layer  of  radiating  fibres  which 
extend  from  the  attachment  of  the  iris  nearly  to  the  pupil,  lying 
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close  to  the  posterior  surface  and  constituting  the  dilatator  muscle 
(fig.  599,  b  ;  fig.  601). 


Fin.  598. — Section  TintoufiH  the  ciliaky  tart  of  tue  eyk,  inclddino  part 

OF  THE  CORNEA,  THE  ORA  SERRATA,  THE  IRIS  AND  THE  EDliE  OF  THE  LENS 
WITH  ITS  SUSPENSORY  LIGAMENT.     (FucllS. ) 

C,  cornea;  S,  sclerotic;  CA,  choroid;  B,  retina;  P«,  its  pifpnented  epithelium;  0,  pars 
ciliaris :  this  is  continued  over  the  choroid  processes;  p.e.j  2).c.^  piginentefi  and 
non-pigiiiented  layer  of  ])ars  ciliaris ;  L,  lens  ;  jl/,  ciliary  muscle ;  r,  its  radiating: 
(meridional)  fibres  passing  from  their  origin  at  the  corneo-sclerotic  junction ;  J/t#, 
circular  ciliary  muscle;  ci,  artery  of  sclerotic;  «,  vein  (canal  of  Schlenun);  z,  fthros 
of  zonula  of  Zinn  passing  between  choroid  ])rocesses  into  the  suspensory  ligament 
of  the  lens  (z",  i) ;  I,  angle  of  anterior  chamber  ;  sja,  sphincter  pupilla; ;  p,  edge  of 
pupil ;  h,  pigmented  epitheliuiu  of  iris  (accidentally  detached  at  this  point  and  show- 
ing, )),  layer  of  dilatator  ])upilla)) ;  r,  c,  /,  creases  and  folds  of  anterior  surface  of  iris ; 
ci\  a  fissure  in  this  surface  (accidentjil) ;  a,  artery  at  insertion  of  iris ;  k,  capsule  of  lens. 


Fia.  599.  — Sroment  of  the  iris,  seen  from  the  posterior  suefacf.  after 

REMOVAL  OF  THE  UVEAL  PIOMENT.     (Iwanoflf. ) 
a,  s)ih!nct-cr  muscle  ;  b,  dilatator  muscle  of  the  pupil. 


THE  IRIS. 
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The  back  of  the  iris  is  covered  by  a  thick  double  layer  of  pigmented 
epithelium  (uvea)  (fig.  601)  continuou.s  with  the  epithelium  of  the  pars 
ciliaris  retintB  (p.  525). 


Hasup  of 
act erotic. 


insertion  of      canal  of  canai  of 

ciliarif  muscle.    Schlemm.  Schlemm. 


-.iUary  muacle. 


uveal  pi (]yncnt  ofiri^^. 


irU  tttrama. 


Fio.  600.— Section  (from  the  eye  of  a  m.an),  showino  the  bel.ations  of 

THE  CILIARY  MUSCLE  TO  THE  SCLEROTIC,  IRIS,  AND  THE  CAVERNOUS  SPACES 
NEAR  THE  ANCLK  OF  THE  ANTERIOR  CHAMBER. 

The  figure,  which  is  copied  from  a  photograph,  includes  only  a  small  portion  of  the  ciliary 
muscle,  the  fihres  of  which  are  seen  to  be  converging  to  a  point  immediately  anterior 
to  the  angle  of  the  anterior  chamher.  Here  they  are  attached  through  the  niednnn 
of  a  tongue  of  fibrous  tissue  of  the  sclerotic  (consisting  mainly  of  circular  bundles)  to 
the  outer  part  of  the  ligamentum  pectinatmn,  which  forms  a  loose  tissue  with  open 
meshes  lying  between  the  canal  of  Schlemn)  and  the  anterior  chamber.  To  the  right 
of  the  figure  the  fibres  of  the  ligamentum  pectiiiatum  are  seen  to  be  gradually  con- 
verging towards  the  posterior  surface  of  the  cornea,  and  somewhat  beyond  the  part 
shown  in  this  figure  thev  merge  into  the  membrane  of  Descemet.  A  communicatiiin 
of  the  canal  of  .Schleimn,  which  is  double  in  this  section,  with  the  cndothehal-lmed 
spaces  in  the  ligamentum  pectinatuni,  is  seen,  and  also  conmiunications  between  the 
last-named  spaces  and  the  anterior  chamber, 


The  muscular  tissue  of  the  iris  is  developed  from  the  epithelium 
at  the  back  of  the  iris  (Nussbaum,  Szili). 
33 
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The  blood-vessels  of  the  iris  (fig.  602,  e)  converge  towards  the  pupil. 
Near  the  pupil  the  small  arteries  form  an  anastomotic  circle,  from 


Fig.  60L — Sectioj*  of  postebior  layers  of  human  iris,  near  its  ATTAcii- 
MENT  TO  THE  CHOROID.    Magnified  600  diameters. 

p,  iris  stroma,  with  connective  tissue,  branched  pigment-cells,  and  blood-vessels;  rf, 
dilatator  muscle ;  p',  deeper  layer  of  uveal  pig^ient ;  p",  superficial  layer  of  uveal 
pigment :  this  layer  is  broken  away  from  the  larger  part  of  the  section. 

which  capillaries  arise  and  pass  still  nearer  the  pupil,  around  which 
they  form  a  close  capillary  network. 

A  large  number  of  nerve-fibres  are  distributed  to  the  choroid  and 
iris,  probably  going  chiefly  to  the  muscular  tissue  of  those  parts  (ciliary 
muscle  and  sphincter  and  dilatator  pupillte). 

THE  RETINA. 

The  retina  consists  of  the  eight  layers  shown  in  the  accompanying 
diagram  (fig.  603),  numbered  as  they  occur  from  within  out. 

The  inner  surface  of  the  retina,  which  is  smooth,  rests  upon  the 
hyaloid  membrane  of  the  vitreous  humour.  It  is  formed  of  the  united 
bases  of  the  fibres  of  Midler,  which  will  be  afterwards  de.scribed. 

The  lat/ei-  of  nerve-fibres  is  formed  by  the  expansion  of  the  optic  nerve 
after  it  has  passed  through  the  coats  of  the  eye  (fig.  604).  The  optic 
nerve  differs  from  other  cerebro-spinal  nerves  in  being  made  up  not  of 
separate  cylindrical  bundles  or  funiculi,  but  of  one  large  bundle, 
covered  with  a  thick  sheath  and  subdivided  by  numerous  interlacing 
septa  into  portions  of  irregular  size  and  shape  (fig.  604).  A  section 
across  the  nerve  taken  near  its  entrance  into  the  globe  shows  a  central 
strand  of  connective  tissue  containing  the  central  retinal  artery  and 


THE  RETINA. 


vein  which  pass  obliquely  into  the  nerve  a  few  millimetres  from  the 
back  of  the  eye-ball.     The  sheath  of  the  nerve  has  a  composite 


Fi(!.  602.— Vessels  of  the 

CnOROID,  CILIARY  PRO- 
CESSES A  ND  IRIS  OFA  CH ILD. 

(Arnold)    10  diameters. 

a,  capillary  network  of  the  pos- 
terior part  of  the  choroid, 
ending  at  b,  the  ora  serrata ; 
c,  arteries  of  the  corona  ciliaris, 
sup))lyin)f  the  ciliary  processes, 
rf,  and  passing  into  the  iris,  e ; 
/,  the  capillary  network  close 
to  the  papillary  margin  of  the 
iris. 


Outer  or  choroidal  surface. 


Inner  surface. 


Fic.  60.3.— Dia(;rammatic  section  of  the 
HUMAN  retina.    (M.  Schultze. ) 

,  Layer  of  optic  nerve-fihres ;  2,  layer  of  optic  nerve- 
cell's  ;  3,  inner  synapse  (molecular)  layer ;  4,  inner 
nuclear  (bipolar)  layer  ;  .">,  outer  synajise  (molecular) 
layer ;  C,  outer  nuclear  layer ;  7,  layer  of  rods  and 
cones  ;  8,  layer  of  pigment-cells ;  x,  membrana  limitjins 
interna ;  y,  membrana  limitans  externa. 


structure,  being  formed  externally  of  a  thick  fibrous  membrane  continu- 
ous centrally  with  the  dura  mater  and  peripherally  with  the  sclera, 
internally  of  a  membrane  continuous  centrally  with  the  pia  mater,  whilst 
between  the  two  is  a  space  containing  a  prolongation  of  the  arachnoid, 
the  space  itself  being  continuous  with  the  subdural  and  subarachnoid 
spaces  of  the  cranial  cavity.    The  nervous  tissue  is  greatly  dimini.shed 


5i6 


THE  ESSENTIALS  OF  HISTOLOGY. 


at  the  lamina  ci'ibrosa  owing  to  the  disappearance  of  the  medullary 
sheath  of  the  nerve-fibres,  which  are  continued  into  the  retina  as 
axis-cylinders  only. 

At  its  entrance  the  nerve  forms  a  slight  eminence  {colliculns  7iervi 
optici).  The  nerve-fibres  lose  their  medullary  sheath  on  reaching  the 
retina.  Most  are  connected  with  (derived  from)  the  cells  of  the 
ganglionic  or  optic  nerve-cell  laj^er  (fig.  606),  but  some  (centrifugal) 
fibres  pass  through  the  ganglionic  and  molecular  layers  to  form  a 
terminal  arborisation  in  the  inner  nuclear  laj^er  (fig.  609,  ./,  and  fig. 
607).  The  layer  of  nerve-fibres  becomes  gradually  thinner  in  the 
anterior  part  of  the  retina. 

The  /ai/er  of  optic  nerve-cells,  or  ganglionic  layer,  is  composed  of 
nerve-cells  somewhat  like  the  cells  of  Purkinje  of  the  cerebellum 
but  varying  in  size,  although  those  of  large  size  are  prevalent  in  most 
parts  of  the  retina.  In  the  yellow  spot,  on  the  other  hand,  smaller 
nerve-cells  are  met  with,  and  they  may  here  lie  several  deep.  These 
nerve-cells  have  a  fine  axis-cylinder  process  prolonged  into  a  fibre  of 
the  layer  just  noticed  and  a  thick  branching  process,  the  ramifications 
of  which  terminate  in  the  next  layer  in  flattened  arborisations  at 
different  levels  (fig.  608,  a,  b,  c). 

The  inner  synapse  layer  or  inner  molecular  layer  is  comparatively 
thick,  and  has  an  appearance  very  like  parts  of  the  grey  matter  of  the 
nerve-centres.  A  few  nuclei  are  scattered  through  it,  and  it  is  occupied 
by  the  processes  of  the  nerve-cells  and  of  the  inner  granules  (bipolars 
and  amacrine  cells)  which  form  synapses  in  it ;  it  is  also  traversed  by 
the  centrifugal  fibres  from  the  optic  nerve  layer,  as  well  as  by  the  fibres 
of  Milller. 

The  inner  granule  layer  (also  termed  inner  nuclear  layer)  is  mainly 
composed  of  bipolar  nerve-oells  containing  large  nuclei.  A  process 
(the  axon)  of  each  of  these  cells  (fig.  606)  extends  inwards  into  the 
inner  molecular  layer  where  it  spreads  out  into  a  terminal  arbori- 
sation. These  arborisations  occur  at  different  levels  in  the  layer, 
forming  synapses  with  the  optic  nerve-cells.  Another  process 
(dendron)  is  directed  outwards,  and  arbori.ses  in  the  outer  molecular 
layer,  where  it  forms  synapses  with  the  terminations  of  the  rod-  and 
cone-fibres.  It  has  been  shown  by  Ramon  y  Cajal  that  there  are  two 
kinds  of  bipolars,  one  kind  {rod-bipolars,  fig.  606,  c.d.)  being  connected 
externally  with  the  rods  of  the  retina,  and  passing  inwards  to  ramify 
over  the  bodies  of  the  nerve-cells,  whereas  those  of  the  other  kind 
{cone-bipolars,  e)  are  connected  with  the  cone-fibres,  and  ramify  in  the 
middle  of  the  inner  molecular  layer.  The  outwardly  directed  processes 
of  these  cone-bipolars  are,  in  some  animals,  but  not  in  manimals, 


F„,  (51)4. -Section  thkoiumi  thk  coats  of  the  kvkball  at  tiw,  i-oint  oi 

ICNTRVNCK  OF  THE  OPTIC  NERVE.  (iolctt.) 

4Vi:^.'';trA"\hc^^th™/^;eh('si\t  ^.l-r  of  ,-o,ls  a,„l  con..,  a.ul  i  tl>at  of  nerve- 
fibres. 


Fl(!.  605.— Section  of  oi-tk   mum,;  man.    itlreefl).    MagniHed  24  diametors. 
The  seetaoiiis  taken  near  the  jnnction  with  the  jflolie.    rf,  sheath  derived^ from  dnra ; 
((,  from  arachnoid  ;  iJ,  from  pia  mater         '         '  " 


,  a  layer  of  sniierHeial  neuroglia. 
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Fig.  606.— Skction  of  dog's  eetina,  goi.gi  method.  (Cajal.) 
a,  uoiic-fibre ;  ii,  rod-fibre  and  nucleus;  c,  d,  bipolar  cells  (inner  jjranules)  with  vertical 
ranuflcatioiis  of  then-  outer  processes  or  dendrons  :  in  the  centre  of  the  ramification 
he  the  enlarged  ends  of  rod-fibres;  e,  other  bipolars  with  flattened  ramifications 
abuttnig-  ayanist  ramified  ends  of  cone-fibres ;  /,  large  bipolar  with  flattened  ramifica- 
tion ;  (/,  inner  granule-cell  sending-  an  axon  towards  the  rod-  and  cone-fibres ;  A, 
aniacrine  cell  with  diffuse  arborisation  of  its  processes  in  inner  molecular  layer  ; 

III,  nerve-librils  passing  respectively  to  outer  molecular,  inner  nuclear,  and  iiiner 
molecular  layers  ;  «,  ganglionic  cells,  with  axons  passing  into  nerve-fibre  layer. 


lii.  607. — Section  thkodgii  the  inner  layers  of  the  rktina  of  a  kikd, 

PREPARED  «Y  GOLGl's  METHOD.  (Cajal.) 

.\,  ner\'e-fibres  of  optic  nerve  layer ;  B,  some  of  these  fibres  parsing  through  the  inner 
molecular  layer  to  end  in  an  arborisation  at  the  junction  of  the  inner  molecular 
and  inner  nuclear  layers.  The  layers  in  this  and  in  the  two  succeeding  cuts  are 
numbered  in  correspondence  with  the  layers  in  fig.  GO:i. 


<!.  608. — Section  across  the  molecular  and  (janglionic  layers  of  bird's 

RETINA,  PREP.VREll  l!Y  GOLGl's  METHOD.  (Cajal.) 
Three  or  four  ganglionic  cells,  A,  M,  C,  and  the  lerniinal  arborisations  of  their  dendrons, 
(I,  &,  c,  in  the  molecular  layer,  are  shown. 
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continued  on  as  far  a.  the  external  limiting  n,embranc^  where  each 
ends  in  a  free  extreanty  {fibre  of  LnndoU,  fig.  609,  K  .  BesKles  these 
bipolar  nerve-cells,  there  are  other  larger  inner  granules  (spongioblast.s 
of  some  authors)  which  are  different  in  character,  having  ramihed 
processes  which  extend  into  the  inner  molecular  layer  (figs.  606,  ; 
609  A  B  c),  in  which  the  bodies  of  these  cells  are  often  partly 
imbedded '  The  cells  in  question  have  been  regarded  as  of  the  nature 
of  ueuroglia-cells,  but  according  to  Cajal  they  are  probably  all  nerve- 


iniiniiii-'iiji'i!' 


[tjfTiyTfu         IS !  1 1  ii !  nil!  Ml'  1 

Fl;  (509  —Section  of  biko's  kktin.^,  prei'arei.  iiy  (iOLtu's  method. 

(Cajal.) 

.V,  lart'c  nervccell  of  iimei-  nuck-ar  layer  ;  B,  C,  .m.aori.je  cells  ;  U,  sn.all 

fdN  with  one  process,  raniifviiiK  in  the  nnier  molecular  layer  and  the  other  one 
ra   ihi  fe'  h    the  outCT  n.olecular  Layer,  and  extending'  (E)  as  far  .=^,the  ™f» 
'•ones'  as  a  fibre  of  Landolt ;       O,  rod-  and  cone-nuclei  respectively  ;  II,  I,  cells  with 
dendrons  ramify  int'  in  outer  molecular  layer  ;  -J,  lihre  of  Muller. 

cells.  He  has  termed  them  amacrine-cells,  from  the  fact  that  they  were 
believed  to  be  destitute  of  a  long  process ;  but  some  have  been  noticed 
to  give  ofif,  besides  the  branching  processes  or  dendrons,  which  ramify 
in  the  molecular  layer,  an  axis-cylinder  process  which  may  extend  into 
the  nerve-fibre  layer.  There  are  also  some  cells  in  the  outer  part  of 
the  granule  layer  which  send  their  processes  entirely  into  the  outer  mole- 
cular layer  (fig.  609,  11).  The.se  are  the  horizontal-celh  of  Ramon  y 
Cajal  (termed  spongioblasts  of  outer  molecular  layer  by  some  authors). 
The  fibres  of  Miiller  have  nucleated  enlargements  (fig.  609,  .1)  in  the 
inner  nuclear  layer. 
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The  outer  molecular  layer  is  thin,  and  is  composed  mainly  of  the 
arborisations  of  the  inner  granules,  of  the  rod-  and  cone-fibres^  and  of 
the  horizontal  cells  (figs.  606,  609),  which  all  form  synapses  in  this 
layer. 

The  outer  nuclear  layer  and  the  layer  of  rods  and  cones  are  composed 
of  elements  which  are  continuous  through  the  two  layers,  and  they 

should  properly,  therefore,  be  described 
as  one.    It  has  been  termed  the  sensory 
epithelnom  of  the  retina  (fig.  610,  6  and 
7).    The  elements  of  which  this  nerve- 
epithelium    consists    are  elongated 
nerve-cells  of  two  kinds.    The  most 
numerous,  which  may  be  termed  the 
rod-elements,  consist  of  peculiar  rod-like 
structures  {retinal  rods)  set  closely  side 
by  side,  each  of  which  is  prolonged 
internally  into  a  fine  varicose  fibre 
{rod-fibre)  which  swells  out  at  one  part 
of  its  course  into  a  nucleated  enlarge- 
ment, and  ultimately  ends  (in  mammals) 
in  a  minute  knob  within  the  outer 
molecular  layer,  where  it  is  imbedded 
in  the  ramifications  of  the  dendrons  of 
the  rod-bipolars.    The  rod  consists  of 
two  segments,  an  outer  cylindrical  and 
transversely  striated  segment,  which 
during  life  has  a  purplish-red  colour  if 
the  eye  has  not  been  recently  exposed  to 
light  and  an  inner  slightly  bulged  segment  which  in  part  of  its  length 
is  longitudinally  striated.    The  nucleus  of  the  rod-element  in  some 
animals,  but  according  to  Flemming  not  in  man,  has  a  transversely 
shaded  aspect  in  the  fresh  condition  (fig.  610).    The  cone-elemenls  Sive 
formed  of  a  conical  tapering  external  part,  the  retinal,  cone,  which  is 
directly  prolonged  into  a  nucleated  enlargement,  from  the  farther  side 
of  which  the  cone-fibre,  considerably  thicker  (in  mammals)  than  tiie  rod- 
fibre,  passes  inwards,  to  terminate  by  an  expanded  arborisation  in  the 
outer  molecular  layer ;  here  it  comes  into  relation  with  a  similar  arbori- 
sation of  dendrons  of  a  cone-bipolar.    The  cone,  like  the  rod,  is  formed 
of  two  segments,  the  outer  of  which,  much  the  smaller,  is  transversely 
striated;  the  inner,  bulged  segment  being  longitudinallj'  striated. 
The  inner  ends  of  the  rod-  find  cone-fibres,  as  already  stated,  form 
synapses  with  tlie  perijiheral  arborisations  of  the  bipolars,  and  through 


iimiiwiiiiw 

Fit!.  GIO. — DlAUKAMMATIC  EEPEE- 
SENTATION  OF  THE  BOD-  AKD 
CONE- ELEMENTS  OF  THE  RETINA. 

(After  Schwalbe. ) 

The  designation  of  the  numbers  is  the 
same  as  in  fig.  003. 
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the  latter  elements  and  their  synapses  in  the  inner  molecular  layer 
a  connection  is  brought  about  with  the  nerve-cells  and  nerve-fibres  ot 
the  innermost  layers.  The  connection  of  the  retinal  elements  with 
one  another  and  through  the  optic  fibres  with  the  central  nervous 


''Ul.  012.— PKiMKNTHI)  EI'ITUKLIIM  (iK 
TIIH    lll-!M.\N    KETINA.       (M.  Soluilt/.e.) 

Highly  niaguitied. 

;,  uells  seen  from  the  outer  surface  with  elear 
lines  of  interc-ellular  suhstaiice  hetween ;  b, 
two  cells  seen  in  iiroflle  with  fine  offsets 
extending  inwards;  c,  a  cell  still  in  connection 
witli  the  outer  ends  of  the  rods. 


Flli.  611.— I)IAi:K.\.M  ok  TIIK  CUNNECTIUNS  OF  TIIK  KETINAI.  ELEMENTS  WITH 
O.SE  ANOTllEIt  AND  Wmi  THE  CENTltAT.  SEltVOrS  SYSTEM.  (Cajal.) 
a  to  layers  of  retina ;  a,  rods  and  cones ;  b,  outer  nuclear  layer ;  c,  outer  molecular 
laver  ;"(/,  inner  nuclear  layer  ;  e,  inner  molecular  layer  ;  /,  nerye-cells  gnuig  ongm  to 
fibres  of  oiitic  nerye  ;  y,'  l>,  i,  a  centrifufally  conducting  fihre,  with  a  ternnnai 
arborescence  in  the  retina  ;  j,  grey  matter  of  corpus  geniculatum  or  eorinis  c|U.idn- 
gemimun. 

system  (anterior  corpora  quadrigemina  and  lateral  geniculate  bodies) 
is  shown  diagrammatically  in  fig.  611. 

In  birds,  reptiles,  and  amphibia  a  small  oil-globule,  often  brightly 
coloured  red,  yellow,  or  green,  is  found  in  the  inner  segment  of  each 
cone.    Other  variations  of  structure  are  met  with  in  dilTerent  animals. 
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The  cones  are  most  numerous  at  the  back  of  the  retina ;  they  are 
fewer  in  number,  and  the  rods  are  proportionally  more  numerous 
towards  the  anterior  part. 

The  pigmentary  layer  forms  the  most  external  part  of  the  retina.  It 
consists  of  hexagonal  epithelium-cells  (fig.  612),  which  are  smooth 
externally  where  they  rest  against  the  choroid,  but  are  prolonged 
internally  into  fine  filaments  which  extend  between  the  rods.  The 
pigment-granules,  many  of  which  are  in  the  form  of  minute  crystals, 


Fui.  013. — A.  Part  or  a  section  oi'  Tiiii  ketina  fkom  the  eyk  of  a  fkui; 

WHICH  HAD  been  KEPT  IN  THE  DARK  FOK  SOME  HOUKS  BEFOKE  DEATH. 

(v.  Genderen-Stort. ) 

The  i)ij,nieiit  is  collected  towards  tlie  outer  ends  of  the  rods,  which  were  red,  except  the 
outer  detached  rod,  which  was  i^reeti.  The  ooiies,  which  in  the  frot'  are  much 
smaller  than  the  rods,  are  mostly  elongated. 

B.     A  SIMILAR  SECTION  FROM  A  FROG    WHICH  HAD   IIEEN  EXPOSED  TO  EKJUT. 

The  pigment  is  extended  between  the  rods,  and  is  accumulated  near  their  bases.  Tlie 
rods  were  colourless.    All  the  conies  are  contracted. 

lie  in  the  inner  part  of  the  cell,  and  after  prolonged  exposure  to  light 
they  are  found  extending  along  the  cell-processes  between  the  rods 
(Kiihne),  their  function  being  probably  connected  with  the  restoration 
of  the  purple  colouring  matter  which  has  been  bleached  by  the  light. 
This  extension  of  the  pigment  is  accompanied  by  a  shortening  of  the 
cones  (Engelniann)  (fig.  613). 

Fibres  of  MuUer.— The  fibres  of  Mil  Her  (fig.  609, ./,  and  fig.  614)  are 
long  stiff  cells  which  pass  through  several  of  the  retinal  layers. 
Commencing  at  the  inner  surface  of  the  retina  by  expanded  bases 
which  unite  with  one  another  to  form  the  so-called  internal  limiting 
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membrane  (fig.  615),  they  pass  through  all  the  layers  in  succession, 
until  they  reach  the  outer  granule  layer.  Here  they  branch  and 
expand  into  a  .sort  of  honeycomb  tissue  which  serves  to  support  the 
fibres  and  nuclei  of  the  rod-  and  cone-elements.  At  the  bases  of  the 
rods  and  cones,  this  sustentacular  tissue  ceases,  being  here  bounded  by 
a  distinct  margin  which  has  been  called  the  external  limiting  membrane 


  m.l.L. 


Fii:.  tiU. 


6I0. 

1(^1,;.  (J14.  —  A  FIIiKK  OK  MliLLUK  FKOM  THE  IXXJ'S 
KKTINA,  (iOLtll   METHOD.  (Cajal). 

1,  iierve-fibre  layer;  2,  iieno-cell  layer;  3,  inner  molecular 
layer;  4,  iiinei-  t'raniile  layer;  5,  outer  molecular  layer:  (i, 
outer  graiuile  layer ;  b,  mideus  of  the  fibre  ;  a,  a  process 
extendinif  into  inner  molecular  layer;  m.l.i.,  niemliraiia 
limitans  mterna ;  m.l.e.,  membrana  liniitans  externa. 

¥n..    (515.— Intekn.\i.    umitino    mkmhuank  of 

KKTIN.V  TKEATHl)  WITH  SILVEH  NITKATE,  SHOW- 
ING  THE  OUTLINES  OK  THE   BASES  OF  THE  FIMKES 

OF  MULLEii.    (G.  Retzius.) 


(fig.  6U,  m.Le.),  but  delicate  sheaths  pass  from  it  around  the  bases  of 
the  rods  and  cones.  Each  Miillerian  fibre,  as  it  passes  througli  the 
inner  granule  layer,  has  a  nucleated  enlargement  (b),  indicating  the 
cell  nature  of  the  fibre.  The  fibres  of  Miiller  represent  ependyma- 
cells  or  perhaps  long  neuroglia-cells  such  as  are  found  in  some  parts 
of  the  nerve-centres,  e.g.  the  cerebellum  (see  fig.  566). 

There  are  two  parts  of  the  retina  which  call  for  special  description. 
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The  macula  lutea  (yellow  spot),  with  its  central  fovea,  is  tlie  part 
of  the  retina  which  is  immediately  concerned  in  direct  vision.  It  is 
characterised  firstly  by  its  greater  thickness  (except  at  the  middle  of 
the  fovea),  secondly  by  the  large  number  of  its  ganglion-cells,  which 
are  rounded  or  conical,  and  thirdly  by  the  large  number  of  cones 
it  contains  as  compared  with  the  rods.  In  the  central  fovea  itself 
(fig.  616)  there  are  no  rods,  and  the  cones  are  very  long  and 
slender,  measuring  not  more  than  •2/x  in  diameter ;  all  the  other  layers 


Fici.  (jlO. — Section  Tiinouciii  thk  central  i-akt  of  tuk  fovka  ckntkai.i:>. 
^f^.    (From  a  preparation  by  C.  H.  Golding-Bird. ) 

M,  bases  of  Miilleriaii  fibres ;  c.b.,  iiuelei  of  inner  granules  (liipolars) :  c.»i.,  cone-tibre 

nuclei ;  c,  cones. 


become  gradually  thinned  down  almost  to  complete  disappearance,  so 
that  the  middle  of  the  central  fovea  is  the  thinnest  part  of  the  retina. 
Since  there  are  few  rods,  the  outer  granule  laj-er  loses  in  great 
measure  its  appearance  of  being  composed  of  closely  packed  nuclei, 
and  the  cone-fibres  are  very  distinct,  forming  the  ao-caWGd  Jibroniil(j;/er. 
The  direction  of  these  fibres  is  for  the  most  part  very  oblique  in  tliis 
part  of  the  retina. 

The  pigmentary  layer  is  thickened  over  the  fovea,  and  there  is  also 


TMK  LENS  AND  VITREOUS  HUMOUR. 


a  thickening  in  the  choroid  coat  here,  due  to  a  large  accumulation  of 

''"^T^'pircliaris  retina,  which  commences  at  the  or«  s.rm^a  where 
the  retina  proper  abruptly  ends  (fig.  617),  is  composed  of  two  epitheha 
layers  and  has  no  nervous  structures.  Of  the  two  layers,  the  external 
is  a  thick  stratum  of  pigmented  epithelium  formed  of  rounded 
cells  and  continuous  with  the  pigmentary  layer  of  the  retina  on  the 
one  hand,  and  with  the  uvea  of  the  iris  on  the  other;  the  inner  xs  a 
layer  of  columnar  cells,  each  containing  an  oval  nucleus.  These 
cells  probably  represent  the  MiiUerian  fibres  of  the  retina. 

The  retina  contains  relatively  few  blood-vessels.  The  central  artery 
enters  and  the  vein  leaves  it  in  the  middle  of  the  optic  nerve.  The 


FU;.  fil7.-SKCTI0N  OF  m-UAS  RKTIKA  AT  ORA  SEBKATA, 

TERMINXTION  OF  THE  USUAL  RETINAL  LAYERS  AND  THE  CONTINtTATION  OF 
THE  REGNAL  SHEET  AS   TWO  LAYERS  OF   CELLS,   WHICH  FORM  THE  I'ARS 

ciLiARis  RETlN-i':.  (Pievsol.) 

lafers^  a1  "ectir.rtransition  line  ;  k,  columnar  cells  of  pars  cil.ans ;  t,  a  cyst  (.ucl. 
cysts  occur  occasionally  here). 

larger  vessels  ramifv  in  the  nerve-fibre  layer,  and  there  are  capillary 
net'-works  in  this  layer  and  in  the  inner  nuclear  layer.  There  are  pen- 
vascular  (lymph)  spaces  around  the  veins  and  capillaries.  The  sensory 
epithelium  receives  no  blood-vessels,  but  is  nourished  from  the  vessels 
of  the  choroid. 


THE  LENS  AND  VITREdUS  IIUMOUK. 

The  lens.— The  lens  is  a  laminated  fibrous  body  inclosed  by  a  trans- 
parent elastic  capsule  to  which,  around  the  circumference,  the  fibres  of 
the  suspensory  ligament  are  attached  (fig.  598).  Immediately  within  the 
capsule,  in  front  and  at  the  sides,  there  is  a  layer  of  cubical  epithelium 
termed  the  epithelium  of  the  capsule,  but  at  the  margin  of  the  lens 
the  cells  become  longer  and  pass  by  a  gradual  transition  into  the 
lens-fibres  (fig.  618).    The  Jibres  which  compose  the  lens  are  long  and 


is 


Fid.  619. — FrisKra  of  tuk  rKvsTAU.iNK 
LENS.    350  diameters. 

A,  lonpiturlinal  view  of  tlie  fibre.s  of  the  lens  from 
tlie  ox,  showiiij;  the  serrated  edges.  B,  trans- 
verse section  of  the  fibres  of  the  lens  from  the 
l)nn>an  eye.  C,  h^ngitudinal  ^'ie\v  of  a  few  of 
the  flhrcs  from  the  equatorial  region  of  the 
human  lens.  Most  of  the  fibres  in  C  arc  .seen 
edgewise,  and,  towards  1,  (iresent  the  swell- 
ings and  nuclei  of  the  '  nuclear  zone' ;  at  2,  the 
flattened  sides  of  two  fibres  arc  seen.  (A  and 
I!  from  KoUiker:  C  from  llenle.) 


Fio.    618. — Section  throuoh  thk 

iMARGIN  OF  TIIK  RAUDIT's  LENS, 
SIIO\VIN(i  THK  TRAN.SITTON  OF  THK 
EI-miELIUM  OF  THE  fAI'Sl'LE  INTO 

THK  LENS-FiiiiiEs.    (Babucliin. ) 
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riband-Shaped,  with  finely  serrated  edges  (fig.  619,  a);  in  transverse 
section  they  appear  prismatic  (b).  Many  of  the  superficial  fibres  are 
nucleated  (c),  the  lens-fibres  having  originally  been  developed  by  the 
elongation  of  epithelium-cells. 

The  vitreous  humour.— This  is  composed  of  soft  gelatinous  tissue, 
apparently  structureless  when  examined  in  the  fresh  condition,  but 
containing  fibres  and  a  few  scattered  cells,  the  processes  of  which  are 


Fu!.  620.— Cells  of  vitreous.  (Schwalhe.) 
a,  a,  without  vacuoles  ;  b,  c,  e,  /, ;/,  with  vacuoles. 

often  long  and  varicose,  and  the  cell-bodies  distended  by  large  vacuoles 
(fig.  620).  The  hyaloid  membrane,  which  invests  the  vitreous  humour, 
is  "homogeneous  and  structureless  except  in  the  region  of  the  ciKary 
processes,  where  it  is  fibrous  in  structure,  forming  the  zonule  of  Zinn 
and  spreading  out  into  the  suspensory  ligament  of  the  lens  (fig.  598). 
This  part  of  the  hyaloid  membrane  is  connected  with  a  circular 
fibrous  portion  of  the  vitreous  humour  which  serves  to  give  addi- 
tional firmness  to  the  attachment  of  the  fibres  of  the  suspensory 
ligament  of  the  lens  (Anderson  Stuart). 
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LESSON  XLTX. 

STRUCTURE  OF  THE  OLFACTORY  MUCOUS  MEMBRANE 
AND  OF  THE  EXTERNAL  AND  MIDDLE  EAR. 

\.  Vertical  sections  of  the  nasal  mucous  membrane.  Tlie  sections  may 
he  carried  either  across  the  upj^er  turbinate  bone,  after  decalcification,  or 
across  the  upper  part  of  the  nasal  septum.  Make  a  sketch  under  the  low 
power.  Notice  the  difference  in  the  charactei'  of  the  epitheUum  in  the 
olfactory  and  respiratory  jjarts  of  the  membrane. 

2.  Teased  prejDaration  of  the  epithelium  of  the  olfactory  mucous  membrane. 
A  piece  of  the  membrane  is  placed  quite  fresh  in  osmic  acid  (1  per  cent.)  foi- 
a  few  hours,  and  is  then  macerated  for  two  days  or  moi-e  in  water.  The 
epithelium  is  broken  up  in  dilute  glycerine  ;  the  cells  easily  separate  from 
one  another  on  taj)j)ing  the  cover-glass.  Notice  the  two  kinds  of  cells. 
Sketch  some  of  the  cells  under  a  high  power.^ 

3.  Sections  of  the  external  ear  (these  hav^e  been  already  studied  for  the 
cartilage.  Lesson  XII.). 

4.  Sections  across  the  cartilaginous  part  of  the  Eustachian  tube.  Sketch 
under  the  lower  power. 

5.  Prejsaration  of  the  membrana  tympani.  A  jpiece  of  the  membrane, 
stained  with  magenta  and  gentian  violet  (see  Lesson  IX.,  §  2),  is  mounted 
flat  in  xylol  balsam  or  dammar. 

Determine  the  composition  of  the  membrane — i.e.  the  several  layers  com- 
f)Osing  it — by  focussing  carefully  with  the  high  power. 


THE  OLFACTORY  MUCOUS  MEMBKANE. 

The  olfactory  region  of  the  nasal  fossie  includes  the  upper  and 
middle  turbinate  processes  and  the  upper  third  of  the  septum.  It 
is  covered  by  a  soft  vascular  mucous  membrane  of  a  yellow  colour 
in  man. 

The  epithelium  of  the  olfactory  mucous  membrane  (figs.  621,  622)  is 
very  thick  and  is  composed  of  long  cells,  set  closely  side  by  side  and 
bounded  superficially  by  a  cuticular  lamina,  through  which  the  free 
ends  of  the  cells  project.  The  cells  are  of  two  kinds:  1.  Long 
narrow  spindle-shaped  or  bipolar  nerve-cells  consisting  of  a  larger  part 
or  body  {b)  containing  the  nucleus,  and  of  two  processes  or  poles,  one 
(c)  straight  and  cylindrical  and  extending  to  the  free  surface,  the  other 
{d)  very  delicate  and  varicose,  looking  not  unlike  a  nerve-fibril  and 

1  The  connection  of  the  olfactory  cells  with  the  olfactory  nerve-fibres  is  displayed 
in  embryos,  the  method  of  (Jolgi  being  employed. 
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extending  down  towards  the  corium.  The  position  of  the  nucleai- 
enlargement  varies,  and  with  it  the  relative  length  of  the  two  processes. 
The  distal  or  free  process  terminates  in  a  small  clear  projection,  which 
passes  beyond  the  cuticular  membrane ;  in  amphibia,  reptiles,  and 
birds,  and  perhaps  also  in  mammals,  it  bears  fine  stiff  hair-like  fila- 
ments. The  proximal  or  varicose  process  becomes  lost  amongst  the 
plexus  of  olfactory  nerve-fibres,  at  the  base  of  the  epithelium  ;  it  is 
connected  with  one  of  these  fibres,  and  ultimately  passes  through  the 
cribriform  plate  of  the  ethmoid  to  end  in  an  arborisation  within  one  of 


Fni.   621.— CKMii  AND  TERMINAL  NERVE-FIBKES  OK  THE  OLFACTORY  REGION. 

Highly  magnified. 

1  from  the  frog ;  2  and  3,  from  man.  In  1  and  ,.' :— (i,  epithelial  cell,  extending  deeply 
into  a  ramified  process ;  b,  olfactory  cells  ;  c,  their  peripheral  rods  ;  e,  the  extremities 
of  these,  seen  in  J  to  he  prolonged  into  fine  hairs ;  d,  their  central  filaments.  In  .■!  :— 
/i,  hairlets ;  c,  free  border  of  cell ;  p,  peripheral  process ;  6,  body  of  cell ;  n,  nerve-fibre. 
1  and    from  M.  Schultze  ;  3,  from  v.  Brunn. 

the  olfactory  glomeruli  (see  diagram,  fig.  582,  p.  496).  These  cells 
have  been  termed  the  olfactory  cells.  2.  Long  columnar  epithelium-cells 
(ffl),  with  comparatively  broad  cylindrical  nucleated  cell-bodies  placed 
next  to  the  free  surface,  and  long,  forked,  and  branching  tail  like  pro- 
cesses extending  down  to  the  corium.  These  are  regarded  not  as 
sensory  epithelium-cells,  but  merely  as  serving  to  support  the  proper 
olfactory  cells.  They  are  the  columnar  or  susfentacular  cells.  3.  Taper- 
ing cells  are  present,  at  least  in  some  animals,  in  the  deeper  part  of  the 
epithelium.  They  rest  by  their  bases  upon  the  corium,  and  project 
between  the  other  cells,  which  they  assist  to  support. 
34 
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The  coi-iuni  of  the  olfactory  mucous  membrane  is  also  very  tliiek 
(fig.  622).  It  contains  numerous  blood-vessels,  bundles  of  the  olfactory 
nerve-fibres  (which  are  non-medullated),  and  a  large  number  of  serous 
glands  known  as  Boivmaib's  glands  (b),  which  open  upon  the  surface  by 
ducts  which  pass  between  the  epithelium-cells. 


Fig.  622.  — Skction  of  oui-ACTOKY  mucous  membkaxe.    (CadiaL. ) 
a,  eiiitheliuin  ;  6,  glaiuls  of  Bowman  ;  c,  iiei-\  e-bundles. 


THE  EXTEllNAL  AND  MIDDLE  EAE. 

The  external  ear  proper  (^pinna)  is  composed  of  elastic  fibro  cartilage, 
invested  hy  a  thin  closely  adherent  skin.  The  skin  is  covered  by 
small  hairs,  and  connected  with  these  are  the  usual  sebaceous  follicles. 
In  the  lobule  there  is  a  considerable  amount  of  adipose  tissue ;  and 
voluntary  muscular  fibres  are  in  places  attached  to  the  cartilage  of  the 
pinna,  and  are  seen  in  sections. 

The  external  auditory  meatus  is  a  canal  formed  partly  of  cartilage 
continuous  with  that  of  the  pinna,  partly  of  bone.  It  is  lined  by  a 
prolongation  of  the  skin  and  is  closed  by  the  membrana  tympani, 
over  which  the  skin  is  prolonged  as  a  very  thin  layer,  i^ear  the 
orifice  the  skin  has  hairs  and  sebaceous  glands,  and  the  meatus  is 
also  provided  throughout  the  cartilaginous  part  with  convoluted  tubular 
glands  of  a  brownish-yellow  colour,  which  yield  a  waxy  secretion 
(ceruminous  glands).  They  represent  modified  sweat-glands.  A  section 
of  one  is  represented  in  fig.  623. 

The  tympanum  is  lined  by  a  mucous  membrane  which  is  continuous 
through  the  Eustachian  tube  with  the  mucous  membrane  of  the 
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Fic.  (i23.— .Section  uk  cKRi'Mixars  ciland  of  thk  external  eak. 

Phototfraph. 

d  duet  of  "land,  haviii);  a  spiral  course  and  therefore  eut  several  times  :  it  is  partly  filled 
'    with  cerumen  :  '//,  seeretiiiif  lid)nles  of  t'land  ;  «,  extremity  of  a  tubule  of  a  sebaceous 
t'land  which  extended  as  far  as  the  base  of  the  ceruminous  jfland. 


Fui.  ()24.— .Section  acr(jss  the  cahtii.aoinous  i'akt  of  the  eustachian 

TUBE.  (Rudinger.) 

bent  cartilaginous  plate :  nuisc.  dilatator  tuba) ;  to  the  left  of  I,,  part  of  the 
attachment  of  the  levator  palati  muscle  ;  5,  tissue  uniting  the  tube  to  the  base  of  the 
skull  ;  r,  and  7,  nmcous  glands ;  8,  10,  fat ;  9  to  II,  lumen  of  the  tube  ;  connective 
tissue  on  the  lateral  aspect  of  the  tube. 
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pharynx ;  it  is  also  prolonged  into  the  mastoid  cells.    The  epitlielium 

is  columnar  and  ciliated  in  some  parts,  but  in  others  e.g.  roof, 

promontory,  ossicles,  and  membrana  tympani— it  is  a  pavement- 
epithelium. 

The  membrana  tympani  is  a  thin  membrane  formed  of  fibrous 
bundles  which  radiate  from  a  central  depression  (umbo).  Within 
the  radial  fibres  are  a  few  annular  bundles.  Covering  the  fibrous 
membrane  externally  is  a  thin  layer  continuous  with  the  skin  of  the 
meatus ;  covering  it  internally  is  another  thin  layer,  derived  from  the 
mucous  membrane  of  the  tympanic  cavity.  A  few  blood-vessels  and 
lymphatics  are  distributed  to  the  membrane,  chiefly  in  the  cutaneous 
and  mucous  layers. 

The  Eustachian  tube  is  the  canal  leading  from  the  tympanum  to 
the  pharynx.  It  is  formed  of  bone  near  the  tympanum,  but  below, 
near  the  pharynx,  it  is  bounded  partly  by  a  bent  piece  of  cartilage 
(fig.  624,  1,  2),  partly  by  fibrous  tissue.  The  latter  contains  numerous 
mucous  glands  (6,  7),  which  open  into  the  tube,  and  on  the  outer  side 
a  band  of  muscular  tissue  (3)  which  joins  the  tensor  palati.  The 
epithelium  is  ciliated. 
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LESSON  L. 

THE  INTERNAL  EAR. 

1.  Sections  across  one  of  the  luenibranous  semicircular  canals  of  a  lish 
(skate). 

2.  Longitudinal  sections  througli  the  ampulla  of  a  semicircular  canal 
(skate). 

1  and  2  may  be  hardened  in  chromic  and  osmic  acid  (see  below  under  5) 
and  imbedded  in  celloidin. 

The  semicircular  canals  and  their  ampulhe  may  also  be  seen  cut  across  in 
sections  of  the  petrosal  of  the  guinea-pig  or  other  mammal. 

3.  Golgi  preparations  of  the  macula  of  the  utricle  from  the  skate. 

4.  Teased  preparations  of  the  auditory-epithelium  of  an  ampidla  or  of  the 
macula  of  the  utricle,  from  the  skate. 

5.  Vertical  sections  thiough  the  middle  of  the  cochlea  of  a  mammal 
(guinea-pig). 

The  cochlea  is  put  quite  fre.sh  into  Q-2,  per  cent,  chromic  acid  containing 
one-fifth  its  volume  of  1  per  cent,  osmic  acid,  or  into  Flemming's  solution, 
or  10  per  cent,  formol.  The  decalcification  can  be  effected  by  the  use  of  the 
phloroglucin-nitric  acid  fluid,  or  by  sulphurous  acid.'  When  decalcified,  the 
preparation  is  well  washed,  and  then  transferred  to  alcohols  of  gradually 
increasing  strength. 

In  preparing  sections  of  the  above  three  preparations  it  is  advisable,  in 
order  that  the  epithelium  should  be  kept  in  position,  to  imbed  in  celloidin. 
If  the  paraffin  method  of  imbedding  be  used,  the  sections  are  fixed  to  the 
slide  by  an  adhesive  proce.ss.  The  organ  should  preferably  be  stained  in 
bulk. 

6.  Tea.sed  preparations  of  the  epithelium  of  the  organ  of  C'orti  from  the 
guinea-pig. 

Both  4  and  0  are  made  from  osmic  preparations. 

Make  sketches  from  all  the.se  preparations  under  the  high  pf)wer.- 


Tlie  labyrintli,  which  is  the  essential  part  of  the  auditory  organ, 
consists  of  a  complex  membranous  tube  lined  by  epithelium  and  filled 
with  endolymph,  contained  within  a  bony  tube — the  osseous  labyrinth 
— of  corresponding  complexity  of  .shape  (figs.  625,  626).  The  mem- 
branous labyrinth  does  not  wholly  fill  the  bony  cavity ;  the  rest  of  the 

'  See  Appendix. 

'  For  details  of  the  somewhat  complicated  methods  of  obtaining  the  various  parts 
of  the  labyrinth  for  iiiiero.scopical  examination,  tlie  student  is  referred  to  the 
author's  C'oiirne  of  Practint/  IliMolotji/. 
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space  is  occupied  by  perilympli.  The  membranous  labyrinth  (fig.  625) 
is  composed  of  the  utricle  («),  and  the  three  semicircular  canals  (each 
witli  an  enlargement  or  ampulla  which  opens  into  it),  the  saccule  («),  and 
the  canal  of  the  cochlea  (cc). 

The  branches  of  the  auditory  nerve  pass  to  certain  parts  only  of  the 
membranous  labyrinth,  viz.,  the  maculae  of  the  utricle  and  saccule,  the 


Fifj.  625. — Plan  of  tke  bight  membranous  labtkintii  viewed  from 

THE  MESIAL  ASPECT. 

1 

If,  utricle,  with  its  macula  and  s.s.c,  p.s.c,  and  e.s.c,  tlie  tliree  seiuicireulai-  canals  with 
their  ampulla! ;  .«,  saccule  ;  aq.v.,  aquiecluctus  vestibuli ;  s.e.,  saccus  enfloijnnphaticus ; 
c.r.,  canalis  reuniens  ;  e.c,  canal  of  the  cochlea. 


5 


Fio.  626. — View  of  the  interior  of  the  left  ossEors  labyrinth. 

The  hon.v  wall  of  the  labyrinth  is  removed  superiorly  and  cxtcrTially.  1,  fovea  henii- 
elliptira ;  2,  fovea  hemisphmrica ;  3,  conuuon  openintr  of  the  superior  and  posterior 
semicircular  canals ;  4,  openinp  of  the  aqueduct  of  the  vestibule  ;  »,  the  superior, 
0,  the  posterior,  and  7,  the  external  semicircular  canals ;  8,  spiral  tube  of  the  coclilen  ; 
9,  scala  t.\nnpani ;  10,  scala  vestibuli. 

cristse  of  the  ampullie,  and  along  the  whole  length  of  the  canal  of 
the  cochlea  (the  shaded  parts  in  fig.  G25). 

At  these  places  tlie  lining  epithelium  is  .specially  modified  to  form  n 
■sensory  or  nerve-epithelium  ;  elsewhere  it  is  a  simple  pavement- 
epithelium. 
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UTIilCT.K  AN])  SACCULE  WITH  SKMICIKCULAU  CANALS. 
The  membranous  semicircular  canals  and  the  utricle  and  saccule 
are  composed  of  fibrous  tissue,  which  is  adherent  along  one  side  to  the 
endosteum  of  the  bony  canal ;  from  the  opposite  side  bands  of  fibrous 


c.l. 


-A  h 


end 

Fii;.  fi27.— Section  cif  \  .semictiumilak  c.anal,  new-horn  ciiiLn.  (Sobotta.) 


X  no. 


r.(.,  connective-tissue  strands,  between  membranous  canal  and  ^^'^f^f 'J"  °' 

m,  membranous  canal ;  6,  wall  of  bony  canal ;  e,  remams  of  fcDtal  cartilage  ,  end, 
endosteum ;  c,  blood-vessels. 

tissue  pass  across  the  perilymph  (fig.  627).  Within  the  fibrous  mem- 
brane is  a  thick  clear  tunica  propria,  which,  in  the  semicircular  canals, 
may  form  papilliform  elevations  in  the  interior  of  the  tube. 

The  places  of  entrance  of  the  nerve-fibres  are  marked  in  each 
ampulla  by  a  transverse,  inwardly  projecting  ridge  (<•)•«/'/),  in  the 
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saccule  and  utricle  by  a  thickeniug  of  the  tunica  propria  {moA^ula). 
The  epithelium  at  these  places  is  formed  of  columnar  cells  (fig.  628) 
which  are  surmounted  by  long,  stiff,  tapering  hairs  {auditory  hairJ, 
fig.  628,  h ;  fig.  629).  Around  these  hair-celfs  the  axis-cylinders  of  the 
nerve-fibres  ramify  (fig.  630) ;  they  are  therefore-like  the  gustatory 
cells  of  the  taste-buds— sensory  epithelium-cells.  Between  them  are  a 
number  of  thin  and  somewhat  rigid  nucleated  cells  (fibre-cells  of  Ritzius,, 


Fig.  628. — Longitudinal  section  or  ^vn  ampulla  of  a  nsn  THEoroii  tiik 

CRISTA  ACUSTICA  (DIAGRAMMATIC). 

amp,  cavity  of  the  ampulla;  sec,  semicircular  canal  opening-  out  of  it;  <•,  connective 
tissue  attached  to  the  wall  of  the  membranous  ampulla  and  traversing-  the  iwriljniiph  ; 
«,  e,  flattened  epithelium  of  an>i)ulla  ;  /i,  auditory  hairs  projecting  from  the  colunmar 
cells  of  the  auditory  epithelium  into  the  cupula,  ciip.tcnn. ;  ii,  blood-vessels ;  ii,  nerve- 
fibres  entering-  the  base  of  the  crista  and  passing  into  the  columnar  cells. 


which  rest  upon  the  basement-membrane,  and  are  connected  at  their 
free  extremity  with  a  cuticular  membrane,  through  which  the  auditory 
hairs  project. 

The  auditory  hairs  do  not  jut  freely  into  the  endolymph,  but  into  a 
soft  mucus-like  substance,  of  a  dome-like  form  in  the  ampullie  (cupula 
terminalis,  figs.  628,  629),  and  which  in  the  saccule  and  utricle  has  a 
mass  of  calcareous  particles  (oto/ifhs)  imbedded  in  it. 
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Fi(i  629. -Section  of  ampuiaa  of  auiNEA-Pia.    Photographed  from  a 
preparation  by  H.  Pringle. 

epithelium  ;     lioiie,  witli  canals  containinsf  bundles  of  nerve-filii-es. 


Fio.  630.— Nkrvk  TKRMiN.vTKixs  IN  MACi'LA  :  <ioi.(ii  MKTiiuD.    (v.  Lenhosse'k. ) 
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COCIILKA. 

The  cochlea  consists  of  a  bon}'  tube  coiled  spirally  around  an  axis 
which  is  known  as  the  columella  (figs.  631,  632).  The  tube  is  divided 
longitudinally  by  a  partition  which  is  formed  partly  by  a  projecting 
lamina  of  bone  {spiral  lamina),  partly  by  a  flat  membrane  {basilar 


ir  n 


Fin.  6.S1. — Section  throuoh  the  cochlea  of  the  cat.    (Sobotta.)  x'2ii. 

dc,  (hiot  of  coohlea  ;  ncv,  scala  vestilnili ;  set,  soala  tjniipani ;  ic,  bony  wall  of  cochlea :  C, 
organ  of  Oorti  on  meinbrana  basilaris ;  viB,  nienibranc  of  Reissiier :  Ji,  nerve-fibres  of 
cochlear  nerve  ;  rjfp,  ^an^Uon  spirale  ;  str.v.,  stria  vascularis. 

memhrnne),  into  two  parts  or  scnlri'. ;  the  upper  (supposing  the  cochlea 
resting  base  downwards)  being  termed  the  scala  restibnli,  the  lower  scala 
ii/mpani ;  the  latter  is  closed  near  its  larger  end  by  the  membrane  of 
the  fenestra  rotunda.  The  scahe  are  lined  by  endosteum,  and  are 
filled  with  perilymph,  continuous  with  that  of  the  rest  of  the  osseous 


THE  COCHLEA. 


539 


labyrinth  at  the  commencement  of  the  scala  vestibuli  :  they  connnuni- 
cate  at  the  apex  by  an  opening,  the  helicotrema 

The  .scala  vestibuli  does  not  occupy  the  whole  of  that  pa,t  ot  the 
bony  tube  of  the  cochlea  which  is  above  the  partition  Its  outer  and 
?owe.  third  is   cut  off  by  a  delicate   connective-t.ssue  membra^^ 

^„.en^bra.^e  of  Eeissner,  fig.  633,  M),  which  ^^r^-^^'^"^^^^^^^ 
of  the  spiral  lamina,  and  passes  upwards  and  outwards  to  the  outer 

wai    thus  separating  a  canal  (do.)  triangular  in  ^^^^  ^^f^ 

lined  by  epithelium,  and  represents  the  membranous  labynnth  of  the 

cochlea,  {duct  or  canal  of  I  he  cochlea). 


ctttinl  of  ■■-■cnte  uwiiibrane  ol 
the  cochlea  cestibnU  Beismer 


I/an- 

IjliliU 


•laii-  membrane  <>/ 
i/lion  Reissner 


basilar 
membrane 


scala 


baiitnr 


tympani  membrartf 


F„.  63'^  -Vkrtk'at.  skction  TiiRomui  tiik  Minnu-.  of  the  uuman  fornMCA. 

Diagrammatic. 

Canal  of  the  cochlea. -The  floor  of  the  canal  of  the  cochlea  is  formed 
(1)  of  the  extremity  of  the  spiral  lamina,  which  is  thickened  above  by 
a  peculiar  kind  of  connective  tissue,  forming  an  overhanging  projection 
known  as  the  Hmhus  (fig.  633,  1)  ;  and  (2)  of  the  basilar  membrane 
(6  m  ),  which  stretches  across  from  the  end  of  the  bony  lamina  to  the 
outer  svall,  and  is  attached  to  this  by  a  projection  of  reticular 
connective  tissue  termed  the  spiral  liynment  {Up). 

The  haMar  membrane  is  composed  of  stiff  straight  fibres,  which 
extend  from  within  out,  and  are  imbedded  in  a  homogeneous  substance. 
The  membrane  is  covered  below  by  a  layer  of  connective  tissue  continu- 
ous with  the  endosteum  of  the  scala  tympani ;  above  the  modified 
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epithelium  which  forms  the  onjan  of  Gorti  rests  upon  it.  It  becomes 
gi-adually  broader  in  the  upper  turns  of  the  cochlea  (rather  more  than 
twice  as  broad  in  the  uppermost  as  in  the  lowermost  turn),  and  its 
constituent  fibi-es  become  therefore  gradually  longer. 


R. 


d.c 


h.t 


str.v. 


t 

s.t 


Fig.  6.33. — VekticaJj  section  of  the  first  Timx  of  the  hctwax  cochlea. 

(G.  Retzius.) 

s.u,  scala  vestibuli ;  s.t,  scala  tnnpani ;  d.c,  canal  or  duct  of  tlie  cochlea  ;  sp.l,  spiral  lamina ; 
11,  nei-ve-fibres ;  l.sp,  spiral  ligament;  str.v,  stria  vascularis;  s.sp,  spiral  sulcus;  R, 
section  of  Reissner's  membrane  ;  i,  limbus  lamin;c  spiralis ;  m.t,  nienibrana  tcctoria ; 
tC,  tunnel  of  Corti ;  b.m,  basilar  membrane  ;  h.i,  li.e,  internal  and  external  hair-cells. 


Fl(!.   6.S4.  A  I'AIK  IIF  IIODS  OF  CORTI,   FROM  THE  RABBIT'S  COCIILKA,   IN"  SIPE 

VJKW.    Highl3'  magnified. 

ft,  ft,  basilar  membrane  ;  I'.r.,  inner  rod  ;  e.r.,  outer  rod.    The  nucleated  protopla.smic 

masses  at  the  feet  are  also  shown. 


The  organ  of  Corti  consists  of  the  following  structures  : 
1.  The  7-ods  of  Cord,  two  series  (inner  and  outer)  of  stiff,  striated 
.structures,  of  a  peculiar  shape,  the  inner  .somewhat  like  a  human  ulna, 
the  outer  like  a  swan's  head  and  neck  (fig.  G34).    They  rest  by  one 
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extremity  (the  foot)  on  the  basihu-  membrane  a  short  distance  apart, 
and  are  inclined  towards  one  another,  their  hirger  ends  (heads)  being 
jointed  together;  the  series  of  rods  thus  inclose  a  sort  of  tunnel,  the 
floor  of  which  is  formed  by  a  part  of  the  basilar  membrane  (fig.  636). 
Close  to  their  feet  may  usually  be  seen  the  remains  of  the  cells  from 
which  they  have  been  formed.  The  inner  rods  are  narrower  and 
rather  more  numerous  than  the  outer.  The  head  of  each  outer  rod 
has  a  process  which  extends  outwards  and  is  known  as  the  phalangeal 
process.    This  forms  part  of — 

2.  A  reticular  lamina  (fig.  636,  l.r.),  which  is  a  cuticular  structure 
extending  like  a  wire-net  over  the  outer  epithelium  cells  of  the  organ 

Outer  hair-cells. 


Limbuf. 


Mcmhraiia  lecturia. 


tierce- 
fibres. 

Fuj.  635. 


Jnne, 
rod. 


Blood-  Basilar 
vessel,  ^iievibraiie. 


Outer  ' — , — ' 
rod.     Cells  0/ 
Deitcrs. 


-Section  turuuch  tiik  oKfiAN  of  cokti  of  tiik  human  cochlea. 
(G.  Ketzius.)    Highly  magnified. 


of  Corti,  and  is  composed  of  two  or  three  series  of  stifP  fiddle  shaped 
rings  (phahmf/es)  cemented  together  in  such  a  manner  as  to  leave 
square  or  oblong  apertures  through  which  the  hair-cells  (see  below) 
project. 

3.  The  otUer  hair-cells  placed  external  to  the  rods  of  Corti.  These 
are  epithelium-cells  of  columnar  shape,  arranged  in  three  or  four  series 
(fig.  63.5).  The  free  extremity  of  the  cell  is  surmounted  by  a  bundle 
of  short  auditory  hairs,  and  projects  through  one  of  the  apertures  in 
the  reticular  lamina;  the  fi.xed  extremity  is  prolonged  into  a  stiff 
cuticular  process,  which  is  attached  to  the  basilar  membrane.  Between 
them  are  other  supporting  cells  which  are  tapered  in  the  same  manner, 
but  rest  by  their  larger  end  upon  the  basilar  membrane,  and  are 
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h.i.  Or.  I 


Fill.    636. — SEMI-DI.UiR.\MMATlC   VIEW  OF  PART  OF   THE    1!ASIL.\E  MEMI5KANE 
AND    TDNNEI^    OF    CORTI    OF    THE    RABBIT,    FROM    ABOVE    AKD    THE  SIDE. 

Much  magnified. 

i,  limbus;  Cc,  extremity  or  crest  of  limljus  witli  tooth-like  projections;  i,  basilar  ineiii- 
brane;  sp.l.,  spiral  lamina  with,  perforations  for  transmission  of  nerve-fibres; 
i.r.,  fifteen  of  the  inner  rods  of  Corti ;  h.i.,  their  fiattenert  heads  seen  from  above: 
e.j-.,  nine  outer  rods  of  Corti ;  h.e.,  their  heads,  with  the  phalant'eal  processes  extend- 
ing outward  from  them  and  forming,  with  the  two  rows  of  phalang-es,  the  lamina 
reticularis,  l.r. 


Fk;.  6.37.  Fic.  638. 


Fl(!.   637. — FOL'R  CE1J.S  OF  DEITEKS  FROM  THE  RABBIT.     (After  G.  R«tzius.) 

Highly  magnified. 

The  varicose  lines  are  nerve-librils.    The  plialanifeal  processes  are  attached  above 
to  a  portion  of  the  lamina  reticularis. 

Fio.  638. — General  view  of  the  mode  of  DiSTRinrTioN  of  the  cochlear 

.NERVE,  ALL  THE  OTHER  I'AKTS  HAVINO  BEEN  REMOVED.  (Amold.) 
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prolonged  above  into  a  cutioular  process  which  is  attached  to  the 
reticular  lamiua  {cells  of  Deiters,  figs.  635,  637). 

4  The  inner  hav>-cells  (fig.  635),  placed  internal  to  the  rods  of  Coi  ti. 
They  form  a  single  series  of  columnar  cells  surmounted  by  auditory 
hairs  lying  in  chwe  apposition  to  the  inner  rods. 

The  remaining  epithelium-cells  have  no  important  charactenstu-s. 
Thev  are  long  and  columnar  next  to  the  outer  ban-cells,  but  soon 


Fui.  630.— Ending  ok  some  uf  the  fibkes  of  tuk  cuciu.e.vk  nerve  amoncst 

TUB  HAIK-CETAS.      (<J.  Retzius.) 
This  prui.aratioM  is  i.mde  by  Ooltris  method,  ami  is  vievvu.l  trom  ahovu.    ;/,  a  cell 
1icloiit,'int'  to  the  spiral  (fiitiffhon. 

diminish  in  size,  becoming  cubical,  and  in  this  form  they  are  con- 
tinued over  the  outer  wall  of  the  cochlear  canal.  Here  they  cover 
a  very  vascular  membrane  {atria  vascularis,  fig.  633,  str.v.),  which  is 
frequently  pigmented ;  its  capillary  blood-vessels  penetrate  between 
the  epithelium-cells.  Internal  to  the  inner  hair-cells  the  epithelium 
also  soon  becomes  cubical ;  it  is  prolonged  in  this  form  over  the  limbus 
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of  the  spiral  lamina.  The  epithelium  of  Reissner's  membrane  is  of 
the  pavement  variety. 

The  membrann  teatoria  (figs.  633,  635)  is  a  soft,  fibrillated  structure, 
which  is  attached  along  the  upper  surface  of  the  limbus  where  it  i.s 
thin  :  it  lies  Hke  a  pad  over  the  organ  of  Corti.  It  thins  out  some- 
what towards  the  distal  margin,  here  becoming  somewhat  reticular, 
and,  according  to  Retzius,  it  is  attached  to  the  lamina  reticularis.  In 
sections  it  usually  appeai-s  raised  a  short  distance  above  the  auditory 
hairs,  but  it  is  probable  that  it  always  rests  upoji  them  during  life. 

The  fibres  of  the  cochlear  branch  of  the  auditory  nerve  enter  the 
base  of  the  columella,  and  run  in  canals  through  its  substance  (figs. 
631,  632),  being  gradually  deflected  outwards  as  they  pass  upwards 
into  the  spii-al  lamina,  at  the  base  of  which  they  swell  out  into  a 
ganglionic  cor'd  {spiral  ganglion).  The  fibres  take  origin  from  the  cells 
of  this  ganglion. 

After  traversing  the  spiral  lamina  they  emerge  in  bundles,  and 
the  fibres  then,  having  lost  their  medullary  sheath,  pass  into  the 
epithelium  of  the  inner  hair-cell  region.  Here  some  of  them  course 
at  right  angles  and  are  directly  applied  to  the  inner  hair-cells,  whilst 
others  cross  the  tunnel  of  Corti,  to  become  applied  in  like  manYier 
to  the  outer  hair-cells  and  the  cells  of  Deiters  (figs.  635,  639).  They 
apparently  lie  between  and  in  close  contact  with  these  cells,  but  there 
does  not  appear  to  be  any  direct  continuity  between  the  nerve-fibrils 
and  the  cell-substance. 
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Mounting  solutions:-!.  Normal  salt  solutio7i.- A  (H^  to  pev  cent 
solutu.n  of  cninnon  .salt  i.s  u«ecl  in  place  of  .senun  for  luountuig  fresh 
tissne.s  for  immediate  examination.  The  lower  percentage  is  used  for 
frog's  ti.ssue,s,  the  higher  for  mammals.  Ringer's  solution  (see  p.  .30, 
footnote)  may  in  many  cases  be  substituted  for  .u.rmal  .salt  solution  with 
advantage.  Prepai'atious  mounted  in  these  solutions  cannot  be  preserved 
permanently. 

2.  Glycerine,  diluted  witli  an  equal  (luantity  of  water.  Ihe  cover-glass 
may  be  fixed  by  gold  size. 

.3.  Canada  halsam,  from  which  the  volatile  oils  have  been  cUiven  ott  by 

heat,  di.ssolved  in  xylol. 

4.  Dammar  varnish,  made  by  dis.solving  dammar  resin  m  xylol,  llie 
solution  is  filtered  through  paper  wetted  with  chloroform.  This  is  used 
for  the  same  purposes  as  xylol  bal.sam  and  has  the  advantage  of  remaining 
colourless,  whereas  Canada  balsam  becomes  yellow  with  keeping. 

.■j.  Acetate  oj  potassium,  a  nearly  saturated  .solution.  This  is  the  best 
medium  for  osmic  preparations  and  for  iodine-stained  li^•c^■,  to  show 
glycogen  within  the  cells.  The  cover-ghuss  may  be  fixed  by  soluble  gla.ss 
or  by  gold  size. 

General  methods  of  preserving  and  hardening  tissues  and  organs.  — 

The  following  fiuids  niay  be  used:  Alcohol  (75  per  cent,  to  absolute); 
acetone  ;  Carnoy's  fluid  (absolute  alcoliol  60  c.c,  chloroform  30  c.c,  glacial 
acetic  acid  10  c.c.)  ;  formol  (diluted  with  from  9  to  99  parts  of  water)  ; 
corrosive  sublimate  (.saturated  solution);  clironiic  acid  sokition  (1  in 
200  to  1  in  .-)00,  to  which  glacial  acetic  acid  may  advantageoiusly  be 
added  in  the  proportion  of  2  parts  acetic  acid  to  1000  chromic  solution); 
picric  acid  solution  (.saturated,  either  alone  or  containing  2  parts  of  nitric  or 
sulphuric  acid  to  1000)  ;  Mann's  fluid  (a  mixture  of  equal  parts  of  saturated 
aqueous  solutions  of  mercuric  chloride  and  picric  acid)  ;  osmic  acid  .solution 
(1  percent.);  bichromate  of  potassium  solution  (3  per  cent.),  to  which  for 
more  rapid  hardening  glacial  acetic  acid  may  be  added  to  the  extent  of  5  per 
cent,  or  less  ;  Midler's  fluid  (bichi'omate  of  potash  2i  [larts,  sulphate  of  soda 
1  part,  water  100  parts)  ;  Zenker's  fluid  (which  is  Miiller's  fluid  containing 
.5  parts  per  cent,  of  mercuric  chloride,  to  which  5  c.c.  of  acetic  acid  is^  added 

■Details  of  the  ncthoas  of  preparing  fixing  and  «*f '"''18  J/l' ^"  f 

clis.cussion  of  tlie  theory  of  their  action,  will  be  found  in  mmiB  Phy^io/oyicalMisloloy!/, 
Oxford,  1902. 
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at  tho  time  of  iisiug)  ;  and  luixturew  of  Miillei's  Huid  and  osmic  acid  1  per 
cent,  in  varying  i^roijoi'tions. 

It  is  best,  if  possible,  to  inject  tlie  Huid  used  for  hardening  into  the  blood- 
vessels after  washing  the)n  out  with  warm  normal  saline  ;  if  this  is  not 
possible,  very  small  pieces  of  tissue  should  be  taken,  and  always  a  consider- 
able amount  of  the  hardening  fluid. 

The  fluid  of  most  general  application  is  formol.  This  is  a  40  jjer  cent, 
solution  of  formaldehyde.  Mixed  in  the  propoi'tion  of  10  parts  foiiuol  to 
90  water,  it  penetrates  readily  and  hardens  quickly.  The  tissue  may  remain 
in  formol  a  few  days  and  should  then  be  transferred  to  alcohol.  For  rajjid 
fixation  a  very  small  piece  of  the  tissue  is  placed  in  10  per  cent,  formol 
and  warmed  to  a  tempeiuture  of  about  40°  or  50°  ;  it  will  be  sufficiently 
hardened  in  half  an  hoiu',  and  may  then  be  transferred  first  to  weak  and 
then  gradually  to  absolute  alcohol,  so  that  it  is  ready  for  the  prepai-ation  of 
sections  in  about  an  hour. 

Pure  acetone  is  also  of  utility  foi'  rapid  fixation  and  hardening.  Small 
pieces  of  the  tissue  ai'e  di-opped  into  a  large  amount  of  acetone,  which  not 
only  fixes  and  hai-dens  but  also  dehydi-ates,  so  that '  the  tissue  can  be  trans- 
ferred in  an  hour  or  so  dii'ect  to  molten  paiafiin  for  embedding.  But  much 
better  results  are  got  by  placing  in  10  per  cent,  foi-mol  for  thirty  minutes 
befoi-e  tiuusferi'ing  to  acetone. 

For  preserving  the  structure  of  cells  and  nuclei,  one  of  the  best  fixing 
fluids  is  that  recommended  by  Flemming.  This  consists  of  15  vols,  of  1  pei- 
cent,  chromic  acid,  4  vols,  of  2  pei'  cent,  osmic  acid,  and  1  vol.  glacial  acetic 
acid.  It  must  be  freshly  j)repai'ed.  It  is  sometimes  diluted  with  from  two 
to  five  times  its  bulk  of  water  before  use.  One  or  two  days  is  sufficient  foi- 
fixation  and  hardening.  The  tissue  should  be  washed  for  several  hours  in 
running  water  after  removal  from  the  mixture,  and  then  placed  in  dilute 
alcohol.  Tissues  fixed  in  any  mixture  containing  osmic  acid  stain  with 
difficulty.  The  best  stains  for  use  in  this  case  ai'e  safl'raniu,  gentian 
violet,  or  caiiualum.  Carnoy's  fluid  (see  pi'evious  page)  is  in  manj'  cases  ex- 
cellent for  cell-sti'uctuie  and  mitotic  changes,  and  very  i-apid  in  its  action. 

Tissues  to  be  hardened  in  alcohol  are  usually  jjlaced  at  once  in  absolute 
alcohol,  but  for  some  tissues  it  is  best  to  begin  with  50  per  cent,  alcohol, 
and  i^ass  the  pieces  thi'ough  successive  grades  of  75  per  cent.,  95  per  cent., 
into  absolute  alcohol,  leaving  them  a  few  houis  in  each.  They  are  re^dy  for 
cutting  as  soon  as  they  are  dehydi-ated,  but  as  a  rule  they  may  be  left 
a  long  time  in  alcohol  without  detei'ioiution.  Oi'gans  which  contain  much 
fibrous  tissue,  such  as  the  skin  and  tendons,  should  not  go  into  stronger 
alcohol  than  about  80  oi'  90  pei'  cent.  ;  otherwise  they  become  too  hard 
to  cut.  Alcohol  is  generally  used  aftei'  the  other  fixing  reagents,  partly' 
to  comjjlete  the  hardening,  partly  on  account  of  its  dehydrating  property, 
since  previous  to  embedding  in  paraflin  all  trace  of  water  must  be  eliminated 
from  the  tissue.  If  mercuric  chloride  be  used  for  hardening,  tincture  of 
iodine  must  be  added  to  the  alcohols  subsequently  used  (except  the  final 
alcohol),  to  get  rid  of  the  excess  of  sublimate.  Mercuric  chloride  in  alcohol 
(saturated  solution)  is  one  of  the  most  rapid  lixing  and  hardening  reagents, 
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aud  may  be  used  if  sections  are  desired  within  a  very  short  time.  It  can  al.so 
be  used'iu  place  of  alcohol  aud  ether  lui.xture  for  fixing  blood  lilms  (Lesson  11., 
§  5),  ill  which  case  it  may  be  saturated  with  eosiu,  and  used  for  K.xing  and 
staining  at  the  same  time.    An  iiiiiiier.sioii  of  5  minutes  is  sufficient. 

Many  tissues  can  be  instantly  hardened  by  being  plunged  for  a  minute 
into  boiling  water  and  then  placed  in  alcohol  :  this  is  not,  however,  a  good 
method  for  glandular  organs. 

For  tissues  that  are  to  be  hardened  in  chromic  acid  an  immersion  of  from 
seven  to  fourteen  days  is  generally  necessary  ;  they  may  then,  after  washing 
for  some  hours  or  days  in  tap-water,  be  placed  iu  alcohol  for  preservation 
aud  to  complete  the  process  of  hardening.  The  alcohol  should  be  changed 
once  or  twice. 

Organs  placed  iu  bichromate  of  potassium  or  Miiller's  fluid  are  ready  for 
section  iu  a  fortnight  or  three  weeks  ;  they  may,  however,  be  left  for  a 
much  longer  time  iu  those  Huids  without  deterioration. 

With  picric  acid  the  hardeniug  process  is  generally  complete  in  two 
or  three  days  ;  the  organs  may  then  be  transferred  to  alcohol,  which 
ought  to  be  frequently  changed. 

The  hardening  of  the  braiu  aud  spiual  cord  iu  Miiller's  fluid  takes  from 
three  weeks  to  as  many  mouths.  It  can  be  hastened  by  warmth,  aud  by 
the  addition  of  acetic  acid,  or  by  placing  small  pieces  in  Marclii's  solution 
(see  below),  after  they  have  been  a  week  or  ten  days  iu  Miiller's  Huid. 

Tissues  containing  calcareous  matter,  e.g.  Iwue  and  tooth,  may  be  rapidly 
decalcified  iu  a  solution  made  by  dissolving,  with  the  aid  of  heat,  1  grm. 
phlurogluciu  iu  10  c.c.  nitric  acid,  aud  tilling  up  to  100  c.c.  with  water, 
to  which  more  nitric  acid  may  be  added  if  desired.  Another  rapid  decalci- 
fying rtuid  is  commerical  sulphurous  acid  solution.  If  it  is  desired  to 
preserve  the  soft  parts  within  the  bone,  it  should  tirst  be  placed  for  a 
few  hours  iu  10  per  cent,  foruiol.  For  decalcifying  more  slowly  a  1  to 
■)  per  cent,  solution  of  nitric  acid  in  water  or  alcohol,  a  saturated  solution 
of  picric  acid  contaiuiug  a  superabuudauce  of  ciystals,  or  a  1  per  cent, 
solution  of  chromic  acid  aie  employed. 

Embedding  of  hardened  tissues,  and  preparation  of  sections.— 
Sections  are  most  advantageously  made  with  .some  form  of  microtome.  It 
is  generally  needful  to  support  the  hardened  tissue  whilst  it  is  being  cut, 
and  with  this  object  it  is  embedded  iu  some  substance  which  is  applied  to 
it  iu  the  fluid  condition  and  becomes  solid  on  standing.  The  embedding 
substance  can  either  simply  inclose  the  tissue,  or  tlie  tissue  may  be  soaked 
iu  it  ;  the  latter  method  is  the  one  commonly  eiui^loyed. 

•  The  embedding  substance  chiefly  used  is  |)araffiu  of  about  .jO"  (J.  melting 
point.  The  precise  temperature  depends  upon  that  (jf  the  atmo.sphere.  In 
summer  a  paiafHn  of  higher  melting  point  may  be  recjuired. 

Eiiibedding  in  paraffin. — Before  being  soaked  in  melted  paraffin,  the 
piece  of  tissue  may  be  stained  in  bulk  (see  p.  55.3)  ;  it  is  then  dehydrated  by 
a  series  of  alcohols  (50  per  cent.,  75  per  cent.,  95  per  cent.),  finishing  up 
with  absolute  alcohol  ;  after  which  it  is  .soaked  in  cedar-wood  oil,  xylol, 
or  chloroform.    It  is  now  transferred  to  molten  paraffin,  which  should 
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not  hti  Uh,  hot,  iuul  i«  .soaked  in  this  for  one  oi-  .seveial  Ik.uis,  accuiding 
to  thicknesM.  Very  delicate  objects  are  sometimes  passed  tlii-ougli  a 
solution  of  paraffin  iu  chloroforni.  Wlieii  thoroughly  impregnated  "witli 
the  paraffin  the  object  is  placed  in  a  mould  or  ghiss  which  has  Ijeen 
smeared  with  glycerine,  and  is  covered  with  molten  paiaffin  which  is 
allowed  to  cool  quickly.  A  square  block  of  the  paraffin  containing  the 
tis.sue  is  then  hxed  in  the  desired  position  on  the  microtome,  thin 
sections  are  cut  and  fixed  to  a  slide  (see  below),  the  paraffin  dissolved 
out  by  turpentine  or  xylol,  and  the  sections  mounted  in  Canada  balsam 
or  dammar. 

If  it  be  desired  to  cut  a  riband  of  successive  sections,  and  the  paraffin 
\ised  prove  too  hard  for  them  to  stick  to  one  another  at  the  edge.s,  a 
paraffin  of  lower  melting  point  (40°  C.)  is  smeared  over  the  opposite  sides 
of  the  block  ;  the  sections  then  adhere  togetlier  as  they  are  cut. 

Preparation  of  frozen  sections. — The  bichromatic  solutions  and  foi-mol  are 
the  best  fluids  to  use  foi-  preserving  tissues  which  are  to  be  frozen  in 
place  of  being  embedded.  Any  alcohol  employed  for  fixation  should  be 
thoroughly  washed  out  with  water.  The  tissue  is  soaked  in  gum-water 
before  being  placed  upon  the  freezing  microtome.  A  thin  syrup  of  either 
gum  aiubic  oi-  dextrin  may  be  used. 

Embedding  in  celloidin. — The  piece  to  be  embedded  is  dehj'di-ated  by 
alcohol,  and  is  then  jjlaced  over  night  in  a  solution  of  celloidin  in  alcohol 
and  ether  similar  to  ordinary  collodion,  and  afterwai'ds  in  collodion  of 
double  strength.  After  twenty-four  hours  more  it  is  removed  from  the 
celloidin  (collodion)  and  placed  uijon  a  wood  or  metal  holder.  When  the 
celloidin  is  set  by  evapoiation  of  its  ether  the  holder  is  plunged  iu 
alcohol  (85  jier  cent.) ;  aftei'  a  few  hours  sections  may  be  cut  with  a 
knife  wetted  with  sjjii'it  of  the  same  strength.  The  sections  are  placed 
in  95  per  cent,  alcohol ;  then  passed  through  cedar-wood  oil  or  bergamot 
oil  into  xylol  balsam.  They  must  not  go  into  clove-oil,  nor  into  absolute 
alcohol.  The  advantage  of  the  method  is  that  the  celloidin,  which  is 
quite  transpai'eut,  need  not  be  got  I'id  of  in  mounting  the  sections,  and 
serves  to  keep  the  jaarts  of  a  section  together  ;  it  is  thus  veiy  useful  for 
friable  tissues  or  for  large  sections.  The  tissue  may  either  be  stained  in 
bulk  before  embedding,  or  the  sections  may  be  stained. 

Mierotomes. — A  section -cutting  apjjaratus  or  microtome  is  essential  for 
histological  work.  Useful  instiaiments  foi'  students  are  the  Cathcart  micro- 
tome for  freezing  and  the  tri2)od  microtome  for  objects  which  have  been 
embedded  in  jwaffin. 

The  tripod  microtome  is  a  simple  and  efficient  little  instrument,  and  has 
the  advantage  of  being  inexpensive.  It  consists  of  a  metal  frame  (fig.  C40) 
in  which  the  razor  is  fixed,  provided  with  a  micrometer  screw  by  which 
the  height  of  the  razor-edge  is  adjusted.  The  paraffin  block  containing  the 
tissue  is  fixed  by  the  aid  of  heat  on  a  fiat  piece  of  glass  over  which  the 
tripod  slides.    The  razor-edge  is  lowered  after  each  successive  section. 

In  the  Cathcart  freezing  microtome  (fig.  041)  the  ti.ssue,  after  being  soaked 
in  gum-water,  is  placed  on  a  metal  plate  and  frozen  by  playing  an  ether- 
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spray  on  tlie  under  surface  of  the  plate.  The  plato  is  moved  upwards  l.y  a 
linely-cut  screw,  and  the  knife  or  phme  used  to  cut  the  sections  is  guided 
over  the  plate  bv  passing  over  glass  slips.  In  the  Williams  microtome  the 
freeziiK'  agent  is  ice  and  .salt  lui.Nture.    In  using  any  freezing  microtome, 


Fi(i.  (140.— T  HI  I'll  1)  .MifitoToMK.    (Hirch's  pattern. ) 


V\it.  (i41.— Catik'art  fukk/.ino  m icuotomk. 


SSO 


THE  ESSENTIALS  OF  HISTOLOGY. 


especially  for  tlie  nervous  system,  it  is  important  not  to  freeze  tlie  tissue 
too  hard,  oi'  the  section  will  roll  up. 

Somewhat  more  expensive  and  complicated,  but  also  more  efficient,  instru- 
ments are  the  rocking  microtome  of  the  Cambridge  Scientific  Instrument 
Company  (fig.  042)  and  the  microtomes  designed  by  C.  S.  Minot  and  by 


Fir;.  642. — Rocking  microtoisfe. 


Fi(i.  643. — Minot's  automatic'  kot.miy  mu  kotome. 
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Delepine  The  action  of  all  of  these  is  automatic.  For  example,  with  the 
rocker  microton>e  every  to-and-fro  movement  of  the  handle  H,  not  only  c«t« 
a  section  of  the  tissue  of  definite  thickness,  but  also  moves  the  parafftn  block 
foi'wards  in  readiness  for  the  next  section.    And  by  employing  a  rectangular 


044.— ^•^IN0T'S  PRKCISION  MTCROTOMK. 

This  is  especially  adapted  for  large  sections. 


Flfi.   645.— lNf  )-INEO   rLANE  MICROTOME. 

block  of  paraffin  of  the  proper  consistency,  a  long  series  of  sections  of  the 
same  object,  of  ecpial  thicknes.s,  can  be  obtained  and  made  to  adhere  together 
in  a  riband  (as  shown  in  fig.  642).  The  sections  can  be  kept  in  series  upon  the 
slide  by  the  employment  of  .some  adhesive  method  of  mounting  the  riband. 

For  celloidin-embcdded  preparations  it  is  necessary  to  cut  the  sections 
with  a  knife  kei)t  wetted  with  spirit.    For  this  (xn-pose  a  sliding  micro- 
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tome  (tigs.  G44,  64.5),  in  whiuli  tlie  i<nife  or  razor  i.s  moved  horizontally  over 
the  tissue,  with  the  edge  ohli<iuely  iiieliued  to  the  direction  of  movement  is 
the  most  useful.  The  l)est  arrangement  foi-  this  purpose,  especially  for 
hu-ge  sections  of  brain,  is  one  in  which  the  celloidin -.soaked  object  is 
immersed  in  spirit  duiing  tlie  actual  ))rocess  of  making  tlie  sections.  It  is 
ail-im|jortant  for  every  kind  of  microtome  that  the  knife  should  be  in 
perfect  ordei'. 

Methods  of  mounting  in  xylol  balsam  or  dammar.— Individual  paraffin- 
cut  sections  or  ribands  of  sections,  such  as  are  cut  with  the  rocking  and 
other  microtomes,  are  fixed  to  a  slide  or  cover-glass— as  a  preliminary  to  being 
treated  with  stains  and  other  fluids— in  the  following  way  :  The  slide  (or 
cover-glass),  after  having  been  carefully  cleaned,  is  smeared  very  thinly  with 
fresh  white  of  egg  :  this  can  be  done  with  the  finger  or  with  a  clean  rag, 
and  the  slides  may  be  put  aside  to  dry,  protected  from  dust.  It  is  con- 
venient to  i^repare  a  large  number  of  slides  at  a  time  in  this  way,  and  to 
keep  them  at  hand  in  a  suitable  receptacle.  When  required  for  use  a  little 
water  is  poured  on  to  the  slide  and  the  riband  of  sections  is  placed  on  the 
water,  which  is  then  warmed  on  a  hot  plate  or  over  a  small  flame  until  the 
IJaraffin  becomes  flattened  out,  without  actually  melting.  The  water  is  then 
drained  ofl",  the  slide  put  in  a  warm  place  for  the  remainder  of  the  water  to 
evaporate  (this  will  take  from  half  an  hour  to  an  hour  according  to  the 
size  of  the  section  and  the  temperature  at  which  it  is  kept),  and  then  heated 
sufficiently  to  melt  the  jDarafiin.  It  is  next  immersed  in  xylol  to  remove 
the  paraffin,  after  which  the  sections  may,  if  already  stained,  be  mounted  at 
once  in  xylol  balsam  or  dammar  ;  if  not  stained,  treat,  after  xylol,  first  with 
absolute  and  then  with  gradually  lower  grades  of  alcoliol,  then  water,  and 
then  stain,  and  finally  pass  through  water,  alcohol  (in  grades),  clove-oil,  and 
xylol,  into  xylol  balsam  or  dammar.  For  ma,uy  sections  some  of  the  grades 
of  alcohol  can  be  omitted,  but  it  is  alwa3'.s  best  to  place  in  50  pei'  cent, 
between  water  and  absolute  alcohol. 

A  simpler  method,  but  one  which,  in  most  cases,  answers  the  purpose 
perfectly  well,  is  to  jDlace  the  riband  or  the  individual  sections  cut  from 
paraffin  on  the  surface  of  watei'  in  a  basin,  just  sufficiently  warm  to  flatten 
out  the  paraffin,  but  not  to  melt  it,  then  pass  a  perfectly  clean  slide  under 
the  surface  of  the  water  and  float  the  sections  on  to  it ;  remove,  drain  off 
the  water,  and  put  the  slide  and  sections  aside  for  an  hour  or  more  until 
all  the  water  has  evaporated.  The  section.s  are  found  to  have  adhered 
firndy  to  the  slide  (they  may,  if  desired,  be  yet  more  firmly  fixed  by  drawing 
a  bru.sh  moistened  with  solution  of  celloidin  in  oil  of  cloves  over  tliem). 
The  paraffin  can  now  be  removed  by  washing  the  slide  with  xylol  or 
immersing  it  in  xylol.  If  not  previously  stained  they  can  then  be  pa^ised 
through  alcohols  and  stained  and  mounted  as  just  described.  It  is  con- 
venient to  kcop  tlie  several  solutions  which  are  reijuired  in  cylindrical 
tubes  or  grooved  glass  I'eceptacles  in  a  I'egular  row  upon  the  working  table 
and  transfer  the  slide  from  one  to  the  other  in  succession.  Tlius  such  a 
.series  would  be  (1)  xylol  ;  (2)  absolute  alcohol  ;  (."i)  75  per  cent,  alcohol  : 
(4)  50  per  cent,  alcohol  ;  (5)  distilled  water  ;  (C!)  staining  solution  :  (7)  tap 
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water;  (8)  distilled  water  ;  (H)  50  per  cent,  alcoh.-l  ;  (10)  7.".  per  cent, 
alcohol;  (U)  absolute  alcohol;  (12)  clove  oil  or  xylol.  The  changes  can 
also  be  effected  by  pourinsc  the  solutions  over  the  sections  and  draining  oft. 

The  following  table  sliows  the  methods  which  may  be  adopted  for  the 
treatment  of  parattin-cut  .sections  or  ribands  of  sections  : 

1.  PIivco  on  a  .slide  or  cover-glass  in  a  drop  of  tap- water  : 

the  glass  may  previously  have  been  smeared  with 
egg-white  :  warm  gently. 

2.  Drain  off  water  and  allow  to  dry  comijh-tehi. 

3.  Warm  until  paraffin  is  just  melted. 

4.  Dissolve  pai-affin  away  with  xylol. 

If  tissue  is  already  stained  in  bulk.     |     If  tissue  is  not  already  stained. 

Mount  in  xylol  balsam  or  danmiar.  5.  Absolute  alcohol. 

I 

6.  Descending  grades  of  alcohol. 


Stain 


For  sections  out  by  the  freezinr/  ■  I 

01-  ce./loidin  mtlhods,  if  the  8.  Water, 

tissue  has  already  been  stained  I      ^   ,    ,  , 

in  bulk,  the  sections  need  only  9.  Ascending  grades  of  alcohol, 

lie  put  through  the  ascending  ,      '      ,  •, 

grades  of  alcohol  and  bei  gamot  10.  Xylol  or  berganiot  oil  or 

oil,    and    then    mounted    in  creosote  or  elove-oil. 

dammar.     If  the  tis.sue  has  ,     ,  , 

not  already  been  stained,  begin  Mount  in  xylol  balsam  or 

at  No.  7.  dammar. 

Staining  solutions.— The  fluids  mo.st  commonly  employed  for  the  staining 
of  sections  are:  (I)  Solutions  of  hiBinatoxyliii  and  alum;  ("2)  solutions 
of  carmine  with  or  without  alum  ;  (3)  certain  aniline  dyes.  The  time 
of  immersion  in  the  staining  fluid  varies  according  to  the  strength  of 
the  fluid  and  the  mode  by  which  the  tissue  has  been  hardened.  The 
necessity  of  .staining  sections  may  be  avoided  if  the  tissue  is  stained  in 
bulk  before  embedding.  Vov  this  purpose  a  small  piece  of  hardened  tissue  is 
placed  for  twenty-four  hours  or  more  in  a  moderately  diluted  solution  of 
haunaluni  (Milroy) ;  this  may  be  followed  by  2  or  3  hours  in  a  1  per  cent, 
solution  of  eosin  (or  erythrosin).  The  tissue  is  then  passed  through  alcohol, 
which  removes  excess  of  eosin.  It  may  be  cut  into  sections  by  the  paraffin 
or  freezing  methods.  If  the  latter  be  employed  the  sections  are  thoroughly 
washed  with  tap-water,  dehydrated  by  alcohol,  and  passed  through  clove- 
oil  or  xylol  into  xylol  balsam  or  dammar.  For  some  purposes  {e.g.  the 
study  of  ossifying  cartilage)  a  strong  alcoholic  solution  of  magenta  is 
useful  for  staining  in  bulk  ;  from  this  the  tissue  goes  direct  into  oil  of 
cloves,  and  after  being  soaked  with  this  it  is  pas.sed  through  xylol  into 
molten  paraffin.  Sections  may  also  be  stained  whilst  still  infiltrated  with 
paraffin  by  floating  them  on  to  the  surface  of  the  staining  solution, 
which  is  gently  wanned  (but  not  enough  to  melt  the  iiaraffin).  They 
generalUy  require  far  longer  ex|josure  tn  the  stain.    Tlio  subsequent  treat- 
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ment  is  quite  simple,  for  they  need  only  be  transferred  to  warn,  water 
Hoated  on  to  a  slide  and  allowed  to  dry.  The  paraffin  is  then  melted' 
dissolved  away  with  xylol,  and  the  sections  are  mounted  in  dammar. 

The  following  are  some  of  the  principal  staining  solutions  and  methods  of 
staining  for  special  purposes  : 

L  JDelafield's  hcematoxylin.— To  150  cubic  centimetres  of  a  .saturated 
solution  of  potash  alum  in  water  add  4  cubic  centimetres  of  a  saturated 
solution  of  hfematoxylin  in  alcohol.  Let  the  mixture  stand  eight  day.s, 
then  decant,  and  add  25  cubic  centimetres  of  glycerine  and  25  cul.i.' 
centimetres  of  methylic  alcohol.  The  .solution  must  stand  a  few  days 
before  it  is  ready  for  use. 

To  stain  sections  add  a  few  drops  of  this  solution  to  a  watch-glassful 
of  distilled  water.  If  overstained  the  excess  of  colour  can  be  removed  by 
alcohol  containing  1  per  cent,  nitric  or  hydrochloric  acid.  With  long 
keeping  this  solution  becomes  red  instead  of  blue  ;  a  trace  of  ammonia 
will  restore  the  blue  colour. 

2.  Ehrlich's  kcBmatoxylin.—'DismWe  2  grammes  hematoxylin  (or,  better, 
haematein)  in  100  cubic  centimetres  alcohol  ;  add  TOO  cubic  centimetres 
water,  100  cubic  centimetres  glycerine,  and  10  cubic  centimetre."?  glacial 
acetic  acid  :  add  pota.sh  alum  to  .saturation.  This  solution  will  keep 
almost  indefinitely  :  it  is  valuable  for  staining  in  bulk,  as  it  does  not 
easily  overstain.  For  staining  sections  it  is  best  to  dilute  the  .solution 
either  with  distilled  water  or  with  .30  per  cent,  alcohol.  After  the  section.s 
have  been  stained  they  must  be  thoroughly  washed  with  tap-water.  This 
develops  the  blue  colour  of  the  hajmatoxylin. 

3.  Kultschitzhy' s  hcematoxylin. — Dissolve  1  gramme  hivmatoxylin  in  a  little 
alcohol,  and  add  to  it  100  cubic  centimetres  of  a  2  per  cent,  solution  of  acetic 
acid.  This  solution  is  valuable  for  staining  sections  of  the  nervous  system 
(see  Weigert-Pal  jorocess). 

4.  HcBmalum. — Hajmatoxylin  -  alum  .solutions  acquire  their  colouring 
properties  only  as  the  htematoxylin  on  keeping  becomes  converted  into 
hajmatein.  The  latter  substance  may,  therefore,  as  recommended  by  Mayer, 
be  used  advantageously  in  place  of  hfematoxylin  if  the  stain  is  required 
immediately.  The  following  mode  of  preiDaring  the  solution  may  be 
adopted  :  Dissolve  50  grammes  of  ammonia  alum  in  1  litre  of  water,  and 
1  gramme  of  hajinatein  in  100  c.c.  of  rectified  spirit.  Add  the  hajmatei'n 
solution  gradually  to  the  alum.  The  mixture  is  ready  for  staining  at  once, 
either  as  it  is  or  diluted  with  distilled  water.  A  small  piece  of  thymol  or  a 
little  carbolic  acid  should  be  added  to  jDrevent  the  growth  of  moulds. 

5.  R.  Heidenhai'rCs  method. — After  hardening  in  alcohol,  or  in  .saturated 
.solution  of  picric  acid  and  then  in  alcohol,  place  the  tissue  from  twelve 
to  fourteen  hours  in  a  ^  per  cent,  watery  solution  of  hajmatoxylin,  and  then 
from  twelve  to  twenty-four  hours  more  in  a  h  per  cent,  solution  of  yellow 
chromate  of  potash,  which  may  be  changed  more  than  once.  Then  wash  in 
water,  place  in  alcohol,  pass  through  xylol,  and  embed  in  paraffin. 

6.  M.  HeidenhaM s  method. — Harden  in  sublimate,  followed  by  alcohol  ; 
fix  sections  to  slide  l>y  water  uiethod  ;  treat  with  iodised  alcohol,  transfer  to 
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2-5  per  cent,  iron-alum  (.solution  of  sulphate  (or  tartrate)  of  .ron  am 
aunuonia)  and  leave  a  quarter  of  an  hour  or  longer  ;  rinse  vv.tl.  distilled 
water  ;  place  in  1  to  O-o  per  cent,  pure  Inoniatoxylin  in  water  containing 
10  per  cent,  alcohol  for  a  few  minutes  ;  wash  with  water  ;  difterentiate  in 
the  iron  and  ammonia  solution  until  nearly  decolorised  ;  wa.sli  for  hfteen 
minutes  in  tap-water;  dehydrate  and  mount  in  the  u.sual  way.  This 
method  is  especially  adapted  for  exhibiting  the  centrosomes  of  cells.  It  i.s 
also  a  good  general  method  for  most  tissues. 

Both  the  process  of  mordanting  with  iron-alum  and  the  subsequent 
staining  with  hematoxylin  may  be  considerably  prolonged  with  advantage 

for  some  tissues.  .  . 

7  Carmalum  (Mayer).-Useful  either  for  sections  or  bulk-staining.  i 
the  sections  are  subsequently  passed  through  alcohol  containing  picric  acid 
in  solution  a  double  stain  is  produced. 

^      .  •        1  .  .  -       1  gramme. 

Carminic  acid  -          -          -  6 

,          •     ,   .  .  -      10  sjiammes. 

Ammonia  alum  ■          -          -  o 

Distilled  water     -  -  -  "  ' 

Boil  together,  allow  to  cool,  and  filter.    Add  thymol  or  a  little  carbolic  acid 
to  prevent  the  growth  of  moulds. 

8.  Carminate  of  awmonia.— Prepared  by  dissolving  carmine  in  ammonia, 
and  allowing  the  excess  of  ammonia  to  escape  by  slow  evaporation.  The 
salt  should  be  allowed  to  dry  and  be  dissolved  in  water  as  required. 

9.  Picric  acid.— A  saturated  solution  of  picric  acid  in  spirit  may  be  used 
as  a  second  stain  after  hematoxylin  or  carmine.  Any  excess  of  picric  acid 
is  dissolved  out  by  rinsing  with  strong  spirit.  This  form  of  double  stain  is 
valuable  for  exhibiting  keratinised  tissues  and  muscle-fibrea. 

10.  Van  Gieson's  s<am.— Tliis,  which  is  a  saturated  solution  of  picric  acid 
in  water,  with  5  c.c.  of  a  1  per  cent,  water  solution  of  acid  fuchsin  added  to 
each  100  c.c,  stains  connective-tissue  fibres  bright  red  ;  muscle  fibres  and 
epithelium  yellow.  The  sections  may  first  be  stained  deeply  with  h.iemaluni ; 
then  placed  in  Van  (iieson's  stain  for  .some  minutes  ;  then  pas.sed  through 
7.-)  per  cent,  alcohol,  absolute  alcohol  and  clove  oil  or  xylol,  and  mounted  in 
dammar.    The  method  is  very  suitable  for  frozen  and  celloidiii  sections. 

11.  Picro-carminate  of  avimonia,  a  double  stain,  a.  Ranvier's  picro- 
carmine.— To  a  saturated  solution  of  picric  acid  add  a  strong  solution  of 
carmine  in  ammonia,  until  a  precipitate  begins  to  form.  Evaporate  on 
the  water  bath  (or,  better,  allow  it  to  evaporate  .spontaneously)  to  one  half 
its  bulk  ;  add  a  little  carbolic  acid  to  prevent  the  growth  of  moulds  ; 
filter  from  the  .sediment. 

IS.  Bourne's  picro-carmine.—"  Add  c.c.  of  ammonia  to  2  grammes  carmine 
in  a  bottle  capable  of  containing  about  2r)0  c.c.  Stopper,  shake,  and  put 
aside  till  next  day.  Add  slowly,  .shaking  the  while,  200  c.c.  of  a  saturated 
.solution  of  picric  acid  in  distilled  water.  Put  aside  till  next  day.  Add 
slowly,  constantly  stirring,  U  c.c.  of  b  per  cent,  acetic  acid.  Put  aside  till 
next  day.  Filter  ;  to  the  liltrate  add  four  drops  of  ammonia,  put  back  in 
the  stoppered  bottle  "  (Langley). 


556 


THE  ESSENTIALS  OF  HISTOLOGY. 


12.  Borax-carmine.~DmsoWe  4  grammes  borax  ;uid  3  grammes  carmine 
in  100  cubic  centimetres  of  warm  watei'.  After  tln  ee  day.s  add  100  cubic 
centimetres  of  70  per  cent,  alcol.ol,  let  stand  two  days  and  filter.  This 
solution  improves  on  keeping.    It  is  useful  for  staining  in  bulk. 

After  .staining  with  borax-carmine,  the  tissue  sliould  be  placed  in  70  per 
cent,  alcohol  containing  5  drops  of  hydi-ochloric  acid  to  100  cubic  centimetres. 

13.  Amline  A/es.— These  are  used  either  in  aqueous  solution  (which  may 
contain  0-01  per  cent,  of  caustic  i^otash)  or  in  water  .shaken  up  with  aniline 
oil,  and  it  is  usual  to  overstain  a  tissue  with  them,  ami  subsequently  to 
decolorise  with  absolute  alcohol  containing  i  its  bulk  of  aniline  oil  (from 
which  the  sections  can  pass  directly  into  xylol)  or  with  acid-alcohol  (1  to 
10  per  1000  hydi'oehloric  acid)  followed  by  absolute  alcohol  and  this  by 
xylol.    Those  most  employed  are  the  "  basic  "  dyes— methyl  blue,  metliylene 
blue,  gentian  violet,  toluidin  blue,  thiouin,  sattranin,  and*  vesuvin  ;  and  the 
"acid"  dyes— eosin,  erythrosin,  acid  magenta  or  acid  fuchsin,  and  orange G. 
A  double  stain  is  obtained  by  combining  eosin  with  methylene  blue  or 
toluidin  blue,  the  sections  being  first  stained  for  ten  minutes  in  1  per  cent, 
aqueous  eosin  and  then,  after  rinsing  with  water,  for  twenty  minutes  in 
1  per  cent,  of  the  blue  solution,  after  which  they  are  decolorised  by  absolute 
alcohol  or  absolute  alcohol  and  aniline  oil.    The  decolori.sation  is  arrested 
by  xylol.    Other  good  double  stains  are  the  eosin-methyl  blue  mixture 
debased  by  G.  Mann;i  and  Jenner's  stain,  which  is  made  by  dissohang 
m  pure  methyl  alcohol  the  precipitate  which   is  produced  when  eo.sin 
solution  is  added  to  methylene-blue  solution.    Jenner's  stein  is  valuable 
for  blood  films.    For  the  same  purpose  Ehrlich's  triple  stain  is  also  used. 
This  is  formed  by  mixing  together  aqueous  solution  of  orange  G.,  acid- 
fuchsin,  and  methyl  green  in  certain  proportions.^ 

14.  Eosin.— A  1  per  cent,  solution  in  water  may  be  used.  The  sections 
are  first  stained  deeply  with  haimatoxylin  and  rinsed  with  water.  They  are 
then  stained  with  the  eosin  solution,  passed  through  75  per  cent,  alcohol, 
and  then  through  strong  spirit — which  is  allowed  to  dissolve  out  some  but 
not  all  of  the  eosin  stain — into  clove-oil :  they  are  finally  mounted  in  xylol 
balsam  or  dammar.    Erythrosin  may  be  used  in  place  of  eosin. 

Eosin  stains  hemoglobin  of  an  orange  red  colour  ;  so  that  the  blood 
corpuscles  are  well  .shown  when  a  fixing  fluid  has  been  employed  which 
does  not  remove  the  htemoglobin  from  them  (such  as  mercuric  chloride, 
Itichromate  of  potassium,  and  formol). 

15.  Muir's  meiliod  of  doxMe- staining  ivith  eosin  and  methylene  blue. — For 
staining  htemoglobiu  and  oxyphil  granules  in  cells  the  method  devised  by 
Richard  Muir  will  be  found  valuable.  It  consists  in  steining  the  sections  of 
formol-hardened  ti.ssue  (which  are  fixed  on  a  slide)  with  saturated  solution 
of  alcohol-soluble  eosin  crystals  dissolved  in  rectified  spii-it.  This  solution 
is  poured  over  the  sections,  and  evaporated  over  a  flame  until  most  of  the 
alcohol  is  driven  oflp.  Rinse  with  water,  place  in  saturated  .solution  of  pota-sh 
alum  for  three  minutes,  and  wash  again.    Decolori.se  witli  alcohol  rendered 

'  Arcffiorl.1  of  Pli)/>iio/or/!cal  Hiflotogi/,  \>.  21(). 

■■'  It  is  Ijest  to  purchase  this  solution  ready-made. 
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very  faintly  alkcdine  w.tl>  aunnonia.  Wa.l,.  Slain  with  saturated  wate.^ 
lolutbn  of  methylene  blue  ;  wash  with  water  ;  dehydrate  and  n.ount  ,n  the 

'^^lcidfuc^.m^or.u,genta.-K  1  percent,  solution  in  50  per  al..l.ol 
(to  which  1  drop  of  1  per  cent,  alcohol-solution  of  gentian  v.ol       ay  b 
added  per  cubic  centimetre)  is  an  excellent  stain  for  connective  t.ssue^  1 
Z  aL  advantageously  be  used  for  developing  -^^^"^^^ 
Ivinph-lands.    The  piece  of  tissue  is  left  for  several  days  in  a    pel  cent, 
olutioirin  9.  per  cent,  alcohol,  and  is  then  placed  direct  in  a  smal  quan  ity 
of  clove-oil  for  a  few  hours,  after  which  it  is  transferred  through  xylol  to 

molten  paraffin.  .  j  «,„.  fi.i.o.. 

17.  k^Wssiam/orco^nectm  U'sswf.-Thesectionsareplacedfoitluec 

minutes  in  acid  fuchsiu  (1  per  1000);  then  washed  in  water  and  immersed 
for  .several  minutes  in  pho.spho-molybdic  acid.  Wash  again  thoroughly  in 
water,  and  place  for  two  minutes  or  more  in  the  following  solution  : 

*  -I-    11  -        -        -        -  0'5s- 

Anihne  blue,      -  -  ^  „  ° 

Orange  G.,  -  -  .      2-0  g. 

Oxalic  acid,  -  ■  "          '          '  ,,,'1 

,,,  ^  ...  -    100  c.c. 

Water,    -  ■  ■ 

After  being  stained  with  this  they  are  pa.ssed  through  water,  alcohol, 

and  xylol  into  bal.saiii  or  dammar. 

18.  Ormn.-Dissolve  1  gramme  orcein  in  100  c.c.  absolute  alcohol,  con- 
taining 1  C.C.  hydi'ochloric  acid.  Place  the  sections  in  some  of  this  s.,lution 
in  a  watch-glass  and  warm  slightly,  allowing  the  Huid  to  nearly  evaporate 
to  dryness.  Dehydrate  in  alcohol,  which  removes  the  excess  of  stain  ;  pass 
through  xylol  into  dammar.    Orcein  stains  especially  the  elastic  fibres. 

19.  Flemming'smetlwd  for  fcaryokineticnv.clei.—nm  is  especially  valuable 

for  sUining  cell-nuclei  in  mitosis.    The  tissue  having  been  appropriately 

fixed,  small  shreds  or  thin  sections  are  placed  for  two  days  in  saturated 

alcoholic  solution  of  safiranin,  mixed  with  an  equal  amount  of  aniline-water 

They  are  then  washed  with  distilled  water  and  decolorised  in  anihne-alcohol 

or  in  alcohol  containing  1  per  1000  hydrochloric  acid  until  the  colour  is 

washed  out  from  everything  eoccept  the  nuclei.    They  are  then  again  rinsed 

in  water  and  placed  in  saturated  aqueous  solution  of  gentian  violet  for  two 

hours,  wa.shcd  again  in  distilled  water,  decolorised  with  aniline  alcohol  until 

only  the  nuclei  are  left  stained,  then  transferred  to  berganiot  oil  or  xylol, 

and  from  this  are  mounted  in  xylol  balsam  or  dammar.    Gentian  violet  and 

several  other  ba.sic  aniline  colours  may  be  employed  in  place  of  saHranm 

from  the  first.    Delafield's  hccmatoxylin  (followed  by  acid),  and  Ehrlich's 

hiematoxylin  also  stain  the  mitotic  figures  well. 

20.  ,S'<a»un(7m7Am-ira;«)/«/7wr(Recklinghausen).-Wa,shthefresli tissue 

with  distilled  water  ;  immerse  in  ^  to  1  per  cent,  nitrate  of  silver  solution 
for  from  one  to  five  minutes  ;  rinse  with  distilled  water  and  expose  until 
just  brown  to  bright  sunlight  either  in  water,  70  per  cent,  alcohol,  or 
glycerine  and  water.  The  tissue,  which  is  generally  a  thin  membrane,  may 
either  be  mounted  in  glycerine  oi'  it  may  be  spread  <>ut  Mat  in  water 


on  a 
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slick',  the  water  diaiiied  oH',  the  ti.s.siie  allowed  to  dry  coiiipletely,  and 
daiiiiuar  added.  This  iiiethud  is  used  to  e.xliibit  eiidotlieliuui,  and  generally 
to  .stain  intercellular  substance.  It  depends  upon  the  fact  that  the  ehhjrides 
of  the  ti.s.sues  are  almost  e.xclusively  confined  to  the  intercellular  substance. 

The  following  methods  are  especially  useful  in  investigations  relating  to 
the  nervous  system  : 

21.  Marcki's  solution. — This  is  a  mixture  of  Miiller's  Huid  (2  parts)  with 
1  per  cent,  osmic  acid  (1  part).  It  is  of  value  for  staining  nerve-fibres  in 
the  earlier  stages  of  degeneiation,  before  sclerosis  .sets  in  (especially  a  few 
days  after  the  establishment  of  a  lesion).  All  the  degenerated  meduUated 
fibres  are  stained  black,  whilst  the  lest  of  the  section  remains  almost 
unstained.  It  is  best  to  put  thin  pieces  of  the  brain  or  cord  to  be  inve.sti- 
gated  singly  into  a  large  quantity  of  the  solution  (after  previously  hardening 
for  ten  days  in  Midler's  fluid),  and  to  leave  them  in  it  for  a  week  or  more  ; 
if  necessary  sections  can  be  stained ;  in  this  case  the  process  is  more 
complicated.'  In  either  case  they  are  fixed  on  a  slide  and  mounted  by  the 
usual  i^iocess  in  xylol  balsam  or  dammar. 

22.  Weiqert-Pal  method. — This  method  is  chiefly  used  for  the  cential 
nervous  system.    By  it  all  meduUated  nei-ve-tibres  are  stained  dark,  while 
the  grey  matter  and  any  sclerosed  tracts  of  white  matter  are  left  uncoloured. 
The  following  modification  of  the  original  method  can  be  recommended  : 
Pieces  which  have  been  hardened  in  Miiller's  fluid  and  afterwards  kept 
a  short  time  in  alcohol  (without  washing  in  water)  are  embedded  in  cel- 
loidin,  and  sections  are  cut  as  thin  as  possible.    Or  sections  may  be  made 
by  the  freezing  method  direct  from  Miiller's  fluid,  if  the  tissue  is  first 
soaked  in  gum-water  foi'  a  few  hours.    In  either  case  they  are  placed  in 
water,  and  from  this  are  transferred  to  Marchi's  fluid  (.see  above,  g  21), 
in  which  they  are  left  for  a  few  hours.    They  are  then  again  washed  in 
water  and  transferred  to  Kulschitzky's  hffimatoxylin  (see  above,  §  3).  In 
this  they  are  left  overnight,  by  which  time  they  will  be  completely  black. 
After  again  washing  in  water  they  are  ready  to  be  bleached.    This  is 
accompli.shed  by  Pal's  method  as  follows:  Place  the  overstained  sections, 
flrst  in  5  per  cent,  solution  of  potassium  permanganate  for  Ave  minutes  (or 
for  a  longer  time  in  a  weaker  solution)  ;  rinse  with  water  and  transfer  to 
Pal's  solution  (sulphite  of  soda  1  gramme,  oxalic  acid  1  gramme,  distilled 
water  200  cubic  centimetres),  in  which  the  actual  bleaching  takes  phice.- 
They  are  usually  sufiiciently  ditterentiated  in  a  few  minutes  :  if  not,  they 
can  be  left  longer  in  the  solution  without  detriment.    If  aftei-  half  an  hour 
they  are  not  ditterentiated  enough,  they  must  be  put  again  (after  wa.shing) 
into  the  permanganate  for  some  minute.s,  and  then  again  into  Pal  s  .sohition. 
After  diflerentiation  they  arc  passed  through  water,  alcohol  (with  oi-  without 
eosin),  and  oil  of  bergamot  (or  xylol),  to  be  mounted  in  xylol  baksam  or 
dammar.    The  advantages  which  this  modilication  has  over  the  original 
method  are  (1)  even  the  flnest  meduUated  iibres  are  brought  to  view  with 

'  See  Hamilton,  lirain,  18!)7,  p.  180. 

-  Diluted  sulphurous  acid  solution  may  be  employed  instead  of  Pal's  solution. 
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>a-eat  surety  ;  (2)  the  staining  of  tl>e  fibres  is  jet  bhu.k,  and  oilers  a  stu  g 
^ontiust  to  the  colourless  grey  n.atter  ;  (3)  the  sect.ons  are  easdy  seen  nd 
lifted  out  of  the  acid  luen.atoxylin,  which  has  very  httle  colour  ;  (4)  it  is 
difficult  to  overbleach  the   sections  ;   (5)  the  stain   is  remarkably  per- 

'"'Tfa  moditicatiou  of  the  above,  Bolton  recommends  to  harden  with 
formol,  place  the  sections  for  a  few  minutes  in  1  per  cent,  osnnc  acid  stain 
for  two  hours  in  Kulschitzky's  h.ematoxylin  at  40"  C,  and  then  proceed  with 

the  bleaching  process.  ,,     01      ^^  „ 

23.  Staining  with  chloride  of  gold. -a.  Cohnheim  s  method.-PV^ce  the 
fresh  tissue  for  from  thirty  to  sixty  minutes  in  a  ^  per  cent,  solution  of  chloride 
of  c^okl  ;  then  wash  and  transfer  to  a  large  quantity  of  water  faintly  acidu- 
lated with  acetic  aeid.  Keep  for  two  or  three  days  in  the  light  111  a  warm 
place.  This  answers  very  well  for  the  cornea.  If  it  be  principally  desired 
to  stain  the  uerve-tibrils  within  the  epithelium,  the  cornea  may  be  trans- 
ferred after  twenty-four  hours  (the  outlines  of  the  larger  nerves  should  be 
just  apparent  to  the  naked  eye)  to  a  mixture  of  glycerine  (1  part)  and 
water  (2  parts),  and  left  in  this  for  twenty-four  hours  more  (Klein). 

li.  LUwit's  method.-FUce  small  pieces  of  the  fresh  tissue  in  a  mixture  of 
1  part  of  formic  acid  to  2  to  4  parts  of  water  foi-  one-half  to  one  minute  ; 
then  in  1  per  cent,  chloride  of  gold  solution  for  ten  to  fifteen  minutes  ;  then 
back  again  into  the  formic  acid  mixture  for  twenty-four  hours,  and  into 
pure  formic  acid  for  twenty-four  hours  more.  After  removal  from  the  gold, 
and  whilst  in  the  acid,  the  tissue  must  be  kept  in  the  dark.  This  method  i.s 
especially  good  for  motor  nerve  endings  in  skeletal  muscle. 

y.  Ranvier\  method. -Innneviie  in  lemon-juice  for  five  to  ten  minutes, 
then  wash  with  water  and  place  in  1  per  cent,  gold-chloride  solution  for 
twenty  minutes.  Then  treat  either  as  in  Cohnheim's  or  as  in  Lowit's 
method. 

24.  GolgVs  chromate  of  silver  methods.— These  are  chieHy  employed  tor 
investigating  the  relations  of  cells  and  fibres  in  the  central  nervous  system. 
Two  methods  are  mostly  used,  as  follows  : 

a.  Very  small  pieces  of  the  tissue  which  has  been  liardened  for  some 
weeks  in  3  per  cent,  bichromate  of  potassium  or  Miiller's  ttuid  are  placed 
for  half  an  hour  in  the  dark  in  0-75  per  cent,  nitrate  of  silver  solution,  and 
are  then  transferred  for  twenty-four  hours  or  more  to  a  fresh  <|uantity 
of  the  same  solution  (to  which  a  trace  of  formic  acid  may  be  added).  They 
may  then  be  placed  in  96  per  cent,  alcohol  (half  an  hour),  and  sections, 
which  need  not  be  thin,  are  cut  either  from  celloidin  with  a  microtome 
or  with  the  free  hand  after  embedding  (but  not  soaking)  with  paraffin. 
The  .sections  are  mounted  in  xylol  balsam,  which  is  allowed  to  dry  on  the 
slide  :  they  must  not  be  covered  with  a  cover-glass,  but  the  baKsani  must 
remain  ex])osed  to  the  air. 

/3.  Instead  of  being  slowly  hardened  in  bichromate,  the  tissue  is  placed  at 
once  in  very  small  pieces  in  a  mixture  of  bichromate  and  osmic  acid  (3  parts 
of  3  per  cent,  bichromate  of  potassium  or  of  Miiller's  fluid  to  1  of  osmic  acid), 
in  this  it  remains  from  one  to  eight  days,  a  piece  being  transferred  each 
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(lay  to  O'T'i  per  cent,  silver  iiitriito.  Tlie  subsequent  procedure  is  the  .siinn- 
as  deserihed  under  a.  L'"'or  some  organs  it  is  found  advantageous  to  rejteat 
the  process,  replacing  theui  for  a  day  or  two  in  tlie  osniic-bicln-ciuiate 
mixture  after  silver  nitrate  and  then  putting  them  back  into  silver  nitiute 
(Cajal's  doid)le  method).  This  method  is  not  only  mol  e  rajjid  than  tliat  in 
which  l)ichroniate  of  potassium  alone  is  used,  but  is  more  sure  in  its 
results. 

2.').  Cox's  chromate  of  mercxiry  method. — This  serves  the  same  ])uri)o.se  as 
the  (iolgi  methods.  Mi.x  20  c.e.  of  ")  per  cent,  corrosive  sublimate  solu- 
tion and  16  c.e.  of  5  per  cent,  chromate  of  potassium  solution  with  30-40 
c.c.  distilled  water,  and  add  20  c.e.  of  .')  per  cent,  bichromate  of  pota-ssium 
solution  to  the  mixture.  Small  pieces  of  fre.sh  tissue  are  placed  in  this 
and  left  for  two  months  or  more.  Sections  of  the  tissues  are  then  cut  by 
the  freezing  microtome  and  placed  either  in  5  per  cent,  sodium  carbonate 
solution  or  in  dilute  ammonia.  They  are  then  passed  through  water, 
grades  of  alcohol,  and  clove  oil  into  dammar,  and  mounted  without  a 
cover-glass. 

26.  Ekrlich's  methylene-hlue  method.— This  method  is  one  of  great  value 
for  exhibiting  nerve-terminations,  and  in  some  cases  the  I'elations  of  nerve- 
cells  and  fibres  in  the  central  nervous  system.  For  its  application  the 
tissue  must  be  living  :  it  is  therefore  best  applied  by  injecting  a  .solution 
of  methylene  Ijlue  (1  part  to  100  of  warm  saline  solution)  into  a  vein  in 
an  an;wsthetised  mannual,  until  the  whole  blood  is  of  a  bluish  colour  ;  or 
the  injection  may  be  made  through  the  vessels  of  the  part  to  be  investi- 
gated, immediately  after  killing  an  animal.  But  fairly  good  results  can 
also  be  obtained  by  immersing  small  pieces  of  freshly  excised  living  tissue 
in  a  less  concentrated  solution  (0-1  per  cent.),  or,  in  the  case  of  the  central 
nervous  system,  by  dusting  the  methylene-blue  powder  over  a  freshly  cut 
surface,  allowing  some  time  for  it  to  penetrate,  and  then  treating  it  with 
picrate  of  ammonia  and  Bethe's  solution.  In  either  case  the  tissue  .slioidd 
be  freely  exposed  to  air  ;  the  blue  colour  then  appears  in  the  nerve- 
cells  and  axis-cylinders,  even  to  their  finest  ramifications.  It  does  not, 
however,  remain,  but  after  a  time  fades  from  them  while  other  tissues 
become  coloured.  To  fix  the  stain  the  tissue  is  taken  at  the  moment  that 
the  nerve-fibres  are  most  distinctly  seen  and  is  placed  for  an  hour  or  two 
in  saturated  solution  of  picrate  of  aunuonia,  after  which  the  preimratiou 
can  be  mounted  in  glycerine  containing  picrate  of  ammonia.  But  to  allow 
of  sections  being  made  from  it  for  movinting  in  balsam  or  dammar,  it  must, 
subsequently  to  the  treatment  with  picrate  of  ammonia,  be  placed  for  some 
hours  in  Bethe's  Huid,  viz.  : 

Molybdate  of  ammonia,  .  -  -  -       1  gramme. 

Chromic  acid  2  per  cent,  solution,       -  -  -      10  c.c. 

Distilled  water,  -      10  c.c. 

Hydrochloric  acid,       ....  •       1  drop. 

This  renders  the  colour  insoluble  in  alcohol. 

27.  Boffiel's  modification  of  the  Ehrlich  method. --P\ii^'e  the  fresh  tissue  in 
a  cansule  containing  1  per  1000  methylene  blue  ami  keep  at  36°  C.  for  two  hours. 
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Then  place  in  0  pei'  cent,  molybdate  of  anu.ionia  for  twonty-fonr  hours  ;  wa.sli 
foul-  hours  in  distilled  water  ;  dehyckatc  with  alcohol,  and  pas.s  througli 
xylol  into  dammar  or  Canada  balsam. 

28.  Si/der's  method  of  staining  nerve-endings  in  muscle  and  blood-vessels. 
—Macerate  the  tissue  for  eighteen  hours  in  the  following  solution  : 

Ordinary  acetic  acid,  ^  l'"''  *'- 

Glycerine,  I  P*^''^" 

1  per  cent,  chloral  hj'drate  solution,        .       -       -       -       6  parts. 
From  this  transfer  to  glycerine  for  from  one  to  two  hours  ;  then  unravel 
somewhat  with  needles  and  place  for  from  three  to  ten  days  in  the 
following  : 

Ehrlich's  hieniatoxylin,  1 

Glycerine,        -       -       - ^  P'^'"'- 
1  per  cent,  chloral  hydrate  solution,        ....       6  parts. 
It  may  then  be  kept  for  any  desired  time  in  glycerine,  which  should  be 
changed  several  times. 

Preparations  are  made  by  careful  dissociation  with  needles.  If  over- 
stained  thev  may  be  differentiated  by  acetic  acid  until  the  dark-blue  colour 
is  changed"  to  violet.  The  muscle  spindles  and  the  end-plates  are  well 
shown  by  this  method. 

29.  Nissl's  method  of  staining  the  chromatic  granules  in  nerve-cells.— 
This  is  a  method  of  overstaining  with  methylene  blue  and  subsequent  differ- 
entiation with  alcohol  (see  §  13).  Nissl  recommended  90  per  cent,  alcohol 
as  the  hardening  agent,  but  both  formol  and  cori-osive  sublimate  followed 
by  alcohol  may  be  employed  also.  Toluidin  blue  (Mann)  may  be  used  in 
place  of  methylene  blue.  The  sections  may  first  be  stained  with  1  per  cent, 
aqueous  solution  of  eosin,  and  then,  after  rinsing  in  water,  with  1  per 
cent,  methylene-blue  solution  :  they  are  best  differentiated  in  aniline  alcohol. 
The  effect  of  heating  the  solutions  to  about  70"  C.  is  to  accelerate  and 
accentuate  the  staining,  which  will  then  take  only  a  few  minutes. 

A  Nissl  stain  may  also  be  obtained  by  placing  thin  pieces  of  the  fixed 
and  hardened  nervous  tissue  in  1  per  cent,  solution  of  thionin  for  several 
days  ;  after  which  the  tissue  is  dehydrated  and  embedded  in  paraffin. 

30.  CajaVs  methods  for  exhibiting  neurofibrils  within  nerve-cells  and 
-fibres.— a.  A  small  piece  of  the  tissue  (brain,  .spinal  cord,  ganglion,  etc.),  not 
more  than  4  mm.  thick,  and  preferably  from  a  young  animal,  is  placed  in  ."iO 
c.c.  of  rectified  spirit  to  which  3  or  4  drops  of  ammonia  may  be  added. 
After  four  to  six  hours  in  this,  followed  by  twenty-four  hours  in  absolute 
alcohol,  rinse  with  distilled  water  and  place  in  a  large  quantity  of  1  -n  per 
cent,  solution  of  silver  nitrate,  which  is  maintained  at  a  temperature  of  about 
35°  C.  After  being  five  or  six  days  in  this  solution,  the  piece  is  removed, 
rinsed  for  a  few  seconds  in  distilled  water,  and  transferred  for  twenty-four 
hours  to  the  following  solution  : 

Hydrokinone  (or  pyrogallic  acid),    .       -       -       -      1  to  1 -5  giammes. 

Distilled  water,  100  cub.  cent. 

Formol,  5  to  10  cub.  cent. 

Rectified  spirit,  10  to  15  cub.  cent. 

36 


S62 


THE  ESSENTIALS  OF  HISTOLOGY. 


The  addition  of  alcohol  to  the  above  is  not  indispensable,  but  favours 
penetration.  The  piece  is  then  washed  in  water  for  some  minutes,  trans- 
feri'ed  to  alcohol,  embedded  in  celloidin  or  paraffin,  and  sections  are  prepared 
and  mounted  in  the  ordinary  way. 

p.  Place  several  small  pieces  of  the  fresh  tissue  direct  in  2  per  cent, 
silver  nitrate  solution  at  35°  C.  in  the  dark  :  a  piece  is  taken  out  on  the 
third  and  on  each  subsequent  day  until  the  eighth.  The  piece  is  linsed  in 
distilled  water  for  a  minute  or  two  and  then  immersed  in  the  developing 
solution  for  twenty-four  hour.s  :  after  which  pi'oceed  as  above.  Tlie  tissue 
should  be  placed  on  cotton  wool  in  the  silver  solution.  The  central  parts  of 
the  tissue  are  usually  best,  the  superficial  parts  being  often  too  dark. 

31.  Bielchoiv sky's  method  for  neurojihrils. — Place  small  pieces  in  12  per 
cent,  formaline  for  twenty-four  hours  :  wash  in  distilled  water :  transfer  to 
2  per  cent,  nitrate  of  silver  for  from  three  to  five  days  :  again  wash  in 
distilled  water.  Then  transfer  to  the  following  solution,  viz.  :  2  per  cent, 
nitrate  of  silver  20  c.c,  to  which  thiee  di'ops  of  a  40  per  cent,  solution 
of  caustic  potash  are  added,  and  enough  ammonia  to  cause  the  disappearance 
of  the  precipitate  jDi'oduced.  The  pieces  may  be  left  in  this  solution  for 
some  hours  or  days.  They  are  then  transferred  to  20  pei'  cent,  formaline 
solution  for  twenty-four  hours.  Sections  may  be  cut  by  the  freezing  or 
paraffin  methods.  The  sections  can  be  toned  on  the  .slide  with  dilute 
gold  chloride  and  afterwai'ds  fixed  with  hyposulphite  of  .soda. 
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Achromatic  spindle,  9,  18,  19. 

—  substance,  11. 

Adenoid  tissue,  92. 

Adipose  tissue,  80,  89. 

Adrenals.    Sec  Suprarenal  capsules. 

Air- bubbles,  29. 

Ameloblasts,  308. 

Aniitosis,  12. 

Amceba,  3. 

Amieboid  movements,  3,  7,  8,  35,  315, 

37,  43,  57. 
Ansa  lenticularis,  472,  498. 
Aorta,  212. 

Appendix,  vermiform,  351. 

Aqueduct,  458. 

Arachnoid,  408,  499. 

Arclioplasm,  9,  393. 

Arcuate  fibres,  432,  434,  435,  46G. 

Areolar  tissue,  80,  82. 

 cells  of,  83. 

 fibres  of,  82. 

Arrector  pili,  277. 

Arteries,  vessels  and  nerves  of,  221. 
— •  structure  of,  208. 

—  variation  in  structure  of,  212. 

—  and  veins,  smaller,  structure  of,  216. 
Articular  corpuscles,  191. 
Association  filires,  48(3. 
Attraction  sphere,  18,  9,  13. 
Auditory  hairs,  536,  541. 

 meatus,  530. 

Auerbach,  ple.\us  of,  336,  337. 
Auriculo-ventricular  bundle,  288. 
Autonomic  nerves,  153. 
Axis-cylinder,  150,  152,  164,  183. 
Axon,  158,  164,  183. 
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Baillarger,  lines  of,  485. 
Basement  membranes,  92. 
Basilar  membrane,  538,  539. 
Basket-cells,  476. 

Beohterew,  nucleus  of.    Set  nucleus. 
Bellini,  ducts  of,  369,  370. 
Bethe's  fluid,  560. 
Bielchowsky's  stain,  562. 
Bile-canaliculi,  357. 
Bile-ducts,  .357. 
Bladder,  376. 
Blastoderm,  24. 


CAN 

Blood,  30. 
Blood-ceUs,  38. 

Blood-corpuscles,  action  of  reagents 
upon,  48,  51. 

—  of  amphibia,  52. 

—  coloured,  52,  33,  48. 

—  colourless,  33,  34,  51. 

 araieboid  phenomena  of,  57. 

 granules  of,  35. 

— ■  —  migration  of,  59,  61,  221. 
 varieties  of,  35,  36. 

—  development  of,  38,  43,  46. 

—  enumeration  of,  32. 

—  structure  of,  33,  48. 
Blood-crystals,  48,  51. 
Blood-film,  30. 
Blood-islands,  38. 

Blood-platelets,  47,  30,  33,  37,  55, 
221. 

Blood-vessels,  development  of,  41 , 222. 

—  structure  of,  208,  216. 
Bone,  81,  112. 

—  development  of,  1 18,  125. 

'     —  lacun;e  and  canaliculi  of,  114,  115, 
117. 

I     —  lamella;  of,  114,  115,  116. 

—  marrow  of,  43,  114. 
Bowman,  glands  of,  530. 

—  membrane  of,  505. 

Brain,  428.  See  cerebrum, cerebellum, 
medulla  oblongata,  mesenceph- 
alon, pons. 

—  divisions  of,  428. 

—  membranes  of,  499. 
i      Brain-sand,  473. 

Bridging  fibrils,  65,  145,  260. 
Bronchi,  293. 
Bronchial  tubes,  293. 
Bronchioles,  respiratory,  293. 

—  terminal,  293. 
Brownian  movements,  29. 
Bruch,  membrane  of,  511. 
Bi'unner,  glands  of,  342. 
Bundle.    See  tract. 
Burdach,  tract  of,  413,  432. 

Calleja,  islands  of,  452,  494. 
Canaliculi,  biliary,  357. 

—  of  bone,  114. 

—  of  nerve  cells,  164. 
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Capillaries,  219,  221. 

—  circulation  in,  221. 

—  lymphatic,  220. 
(Jarnoy's  Hitid,  545. 
Carotid  gland,  254. 
Cartilage,  81,  102. 

—  articular,  102,  103. 

—  calcified,  104. 

—  costal,  103,  108. 

—  development  of,  106. 

—  embryonic,  106. 

—  libro-,  103,  108,  111. 

—  hyaline,  103. 

—  ossification  of,  118. 

—  parenchymatous,  106. 

—  transitional,  104. 

—  varieties  of,  103. 
Cartilage-bone,  118. 
Cartilage-cells,  104. 

—  capsules  of,  104,  105. 
Cell,  division  of,  12. 

 amitotic,  12. 

 reduction,  17. 

—  embryonic,  1,  24. 

—  membrane  of,  3,  9,  8. 

—  nucleus  of,  3,  10,  13. 

—  structure  of,  3. 
Celloidin  for  embedding,  548. 
Cell-plate,  19. 
Cell-spaces,  2,  80,  83. 
Cement  of  tooth,  300,  306. 
Cement  substance,  2,  63. 
Central  canal  of  cord,  409. 

—  fovea  of  retina,  524. 

—  tendon  of  diaphragm,  216. 
Centriole,  9. 
Centrosonie,  8,  18,  19. 
Cerebellum,  474. 

—  grey  matter  of,  475. 

—  peduncles  of,  480. 

 superior,  457,  460,  468,  481. 

 inferior,  480. 

—  middle,  446,  481. 
Cerebrum,  474. 

—  basal  ganglia  of,  497. 

—  cortex  of,  481. 

 structure  of  different  parts,  487. 

—  peduncle  of,  462. 
Chemotaxis,  8. 
Chondrin-balls,  106. 
Choroid  coat  of  eye,  501,  509. 
Chromatic  substance,  11. 
Chromatolysis,  177. 

Chromaffin  or  chromophil  cells,  252, 
254. 

Chromomeres,  12. 
Chromosomes,  12,  14,  17,  18. 
Cilia,  72,  78. 

—  action  of,  72,  78. 

•  theories  regarding,  78. 

Ciliary  muscle,  511. 


DEC 

Circulation,  217,  221. 
Clarke,  colunm  of,  420. 
Clasmalocyteg,  84. 
Claustrum,  403. 
Clitoris,  378. 
Coccygeal  gland,  234. 
Cochlea,  533,  538. 

—  canal  of,  534,  539. 
Coelom,  231. 

Cohnheira,  areas  of,  130. 

—  method  of  staining  nerve-endings, 

559. 
Collagen,  83. 
Collaterals,  166. 
CoUiculi,  462. 

Colliculus,  nervi  optici,  516. 
Colloid  substance,  252,  258. 
Colostrum-corpuscles,  282. 
Columella,  538. 
I     Commissural  fibres,  486. 

Commissures  of  cerebrum,  anterior, 
497. 

 posterior,  467. 

—  of  spinal  cord,  409. 
Conjunctiva,  501. 

j     Connective  tissue,  cells  of,  80,  83. 

 development  of,  98. 

 fibres  of,  82,  83,  95,  96. 

 jelly-like,  92. 

—  tissues,  1,  80. 
Corium,  264. 
Cornea,  500,  504. 

—  nerve-endings  in,  200,  509. 
Corpora  albican tia  s.  mamillaria,  471. 

497. 

—  geniculata,  469. 

—  quadrigemina,  462. 
Corpus  cavernosum,  378. 

—  luteura,  400. 

—  spongiosum,  378. 

—  striatum,  497. 

—  subthalamic  urn,  472. 
Corti,  organ  of,  533,  540. 

—  rods  of,  540. 
Cotton  fibres,  29. 
Cowper,  glands  of,  381. 

Cox,  raercuric-chromate  method  of, 
560. 

Crista  acustica,  535. 
Crus  cerebri,  462. 
Crusta,  462,  498. 

—  petrosa,  300,  306. 
Cupula  terniinalis,  53(i. 
Cutis  vera,  259,  264. 
Cytomitome,  8. 
Cytcm,  158. 
Cytoplasm,  3,  8. 

DECALCiFyiNii  fluids,  547. 
Decidua,  404. 

Decussation  of  pyramids,  428. 
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Doiters,  colls  of,  543. 

—  nuclovis  of,  443,  444,  448. 
Delafiold's  hivnuitoxylin,  554. 
Dendions  or  dendrites,  158,  l(i4,  183. 
Dentine,  300,  309. 

Dcsceniet,  membrane  of,  507,  509. 
Deutopliisra,  6. 
Dilatator  pupill.e,  51'2. 
Division  of  cells,  12. 

—  of  nucleus,  13,  17. 

—  reduction,  17,  21,  24. 

—  of  ovum,  20. 
Dobie,  line  of,  131. 
Dogiel,  method  of,  560. 
Doyere,  eminence  of,  205. 
Dura  mater,  408,  499. 
Dust,  29. 

Ear,  external  and  middle,  530. 

—  internal,  533. 
Ebner,  glands  of,  314. 

Ehrlich,  ha>matoxylin  stiiin  of,  554. 

—  methylene-blue  method  of,  560. 
Elastic  tissue,  81,  83,  94,  100,  111. 
Eleidin,  260,  264,  268. 
Elementary  particles,  33,  37. 
Embedding,  methods  of,  547. 
Embryonic  cells,  1 ,  24. 
Enamel,  300. 

—  formation  of,  308. 

—  organ,  309. 

End-bulbs,  156,  188,  189,  195. 
Endocardium,  287. 
Endomysium,  133. 
Endoneurium,  156. 
Eiidoplasm,  7. 

Endothelium,  25,  68,  208,  218,  287. 

—  lymphatic,  225. 

—  serous,  230. 
End-plates,  140,  205. 
Ependyma,  425,  445. 
Epicardium,  286. 
Epidermis,  259. 
Epididymis,  376,  382,  383. 
Epineurium,  155. 
Epiphysis  cerebri,  472. 
Epithelium,  63. 

—  ciliated,  64,  65,  72,  76. 

—  classification  of,  64. 

—  columnar,  64,  72. 

—  germinal,  394. 

—  glandular,  64,  68. 

—  nerve-endings  in,  199. 

—  pavement,  64,  68. 

—  protective,  65. 

—  respiratory,  296. 

—  secreting,  65. 

—  stratified,  64,  65. 

—  transitional,  65,  67,  378. 
Epitrichial  layer,  262. 
Eponychiuni,  268. 


GIA 

Erectile  tissue,  378. 
Erythroblasts,  38,  41,  43,  48,  240. 
Erythrocytes,  33,  42.    Sec  also  l)lood- 

corpuscles,  coloured. 
Eustachian  tube,  532. 
Exoplasni,  7,  101. 
Eye,  500,  503. 
Eyelids,  50<:i. 
Eye-piece,  26. 

Fallopian  tubes,  394,  401. 
Fascia  dentata,  494. 
Fasciculus  retroflexus,  461,  471. 

—  solitarius,  438,  439. 

Fat,  89.    iS'ee  aUo  adipose  tissue. 

—  absorption  of,  344. 

—  in  cartilage  cells,  108. 
Female  pronucleus,  24. 
Fenestrated  membrane,  210. 
Fibres.      See      connective  tissue, 

muscle,  nerve,  etc. 
Fibrin,  .30,  37. 

Fibro-cartilage,  elastic,  103,  109. 

—  white,  103,  111. 
Fibrous  tissue,  81,  94,  96. 
Fillet.    See  tract  of  fillet. 
Fimbria,  492,  494. 
Flechsig,  method  of,  413. 

—  tract  of,  417,  4.35. 
Flemming,  fluid  of,  546. 

—  germ-centres  of,  235,  236,  245. 

—  stainable  bodies  of,  235,  245. 

—  method  of  staining  nuclei,  557. 
Forel,  decussation  of,  461  (footnote). 
Formatio  reticularis,  411,  432,  434, 

435,  444,  460. 
Freezing  method  for  preparation  of 

sections,  548. 
Funiculus  cuneatus,  411,  431. 

—  gracilis,  411,  431. 

Gall-bladdkb,  358. 
Ganglia,  158,  170. 

—  cells  of,  170. 

—  development  of,  185. 

—  spinal,  170,  185. 

—  sympathetic,  174,  185. 
Ganglion  of  cochlea,  441. 

—  of  glossopharyngeal,  438. 

—  of  Scarpa,  441. 

—  of  vagus,  437. 

—  Gasserian,  451. 

—  geniculate,  449. 

—  of  habenula,  462,  470. 

—  interpeduncular,  462. 
Gas-chamber,  73. 
Genital  ooi-puscles,  191. 
Gennari,  line  of,  485. 
Germinal  spot,  .396. 

—  vesicle,  396. 

Giant  cells  of  cerebrum,  483. 
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<!iant  uclls  of  mamjw,  45. 

 of  spleen,  24J). 

tiiaiiuziii,  crescents  of,  323. 
V.  Giesoii's  stain,  555. 
Gland  or  glands. 

—  agminated,  342,  339. 

—  anal,  351. 

—  of  Bowman,  530. 

—  of  Brunner,  342,  333. 

—  carotid,  254. 

—  ceruminous,  279,  530. 

—  classification  of,  70. 

—  coccygeal,  254. 

—  of  Cowper,  381. 

—  ductless,  70. 

—  of  Ebner,  314. 

—  gastric,  328. 

—  hiBmal,  232,  236. 

—  internally  secreting,  71. 

—  lacrymal,  503. 

—  of  Lieberklihn,  338. 

—  of  Littr6,  381. 

—  lymph,  225,  232. 

—  mammary,  282. 

—  Meibomian,  277,  502. 

—  Pacchionian,  499. 

—  pineal,  472. 

—  pituitary,  243,  25(5,  473. 

—  racemose,  70. 

—  saccular,  70. 

—  salivary,  319. 

—  sebaceous,  265,  277. 

—  secreting,  63,  68. 

—  serous,  314,  323. 

—  solitary,  241,  351. 

—  sweat,  265,  278. 

—  thymus,  232,  239. 

—  tubular,  70. 
Glia  cells,  181,  186. 
Glisson,  capsule  of,  353. 
Glomeruli  of  kidney,  364 

—  olfactory,  495. 

Glycogen    in    colourless  blood-cor- 
puscles, 54. 

—  in  liver  cells,  356. 
Goblet-cells,  76. 

Gold-methods    of    staining  nerve- 
endings,  559. 
Golgi-Mazzoni  corpuscles,  195. 
Golgi,  organs  of,  195. 

—  cells  of,  479. 

—  methods  of  preparing  the  nervous 

system,  559. 

—  reticulum  of,  162. 

—  types  of  nerve-cells,  165. 
Graafian  follicles,  395. 

Grandry,   corpuscles  of,    188,  192, 
193. 

Granules  of  protoplasm,  4. 

—  of  colourless  blood-corpuscles,  30, 


IRI 

Ground-substance,  2,  82,   99  loi 

103,  112,  114,  145. 
V.  Gudden,  method  of,  17!). 
Gullet.    iS'ee  (esophagus. 
Gustatory  cells,  315. 

—  organs,  312. 

—  pore,  315. 

Gyrus  dentatus,  492,  494. 

—  hippocampi,  492. 

Habenui.a,  470. 
Haemacytometer,  32. 
Haimal  glands,  232,  236. 
Hajmatin,  50. 
Hajmatoblasts,  38. 
Ha3matoidin,  51. 
Htemin,  51. 
Haemoglobin,  48,  51. 
H.'emolysis,  49. 

Hair-cells  of  internal  ear,  536, 541 , 543. 
Hair-follicle,  structure  of,  268. 
Hairs,  29,  265,  268. 

—  development  of,  275. 

—  muscles  of,  277. 
Hardening  solutions,  545. 

Hassal,  concentric  corpuscles  of,  240. 
Haversian  canals,  114,  117. 

—  fringes,  107. 

—  lamella;,  115. 

—  systems,  115. 
Hayem's  solution,  32. 
Heart,  284. 

—  muscle  of,  141,  284. 

—  nerves  of,  289. 

—  valves  of,  289. 

—  vessels  of,  289. 
Heidenhain's  stain,  554. 

Henle,  fenestrated  membrane  of,  210. 

—  looped  tubules  of,  368,  370. 

—  sheath  of,  156,  192. 
Hensen,  line  of,  131. 
Hepatic  lobules,  353. 

—  cells,  355. 

Herbst,  corpuscles  of,  188,  193,  194. 
Hippocampus  major,  491,  493. 
His,  bundle  of,  288. 
Histogenesis,  24. 
Histology,  meaning  of  term,  1. 
Hyaloid  membrane,  527. 
Hyaloplasm,  4,  10. 
Hypophysis  cerebri,  256,  473. 
Hypothalamus,  472. 

Idiozome,  .S93. 

Intercellular  channels,  65,  142,  '2(iO. 

—  substance,  2,  81,  82,  99,  101,  103, 

112,  114,  145. 
Internal  capsule,  497,  498. 
Intestine,  large,  336,  350. 

—  small,  336. 
Iris,  501,  511. 
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.Iki.j.v  111'  Wlwutdii,  101. 
.loiiner'H  Btairi,  .'iSli. 

Kauv(ikini:.his,  \2. 
KiiryomiloMii!,  10. 
KuiyiipliiHiii,  10. 
KuniliiiiHation,  (i4. 
Kuiato  hyalimi,  200,  264. 
Kidriny,  'AM. 

—  I)1()()iI  vl'hho1h  of,  ;J70. 
■  -  (liivelcipiiiont.  of,  ;t73. 
KnuiHo,  menibnuic  of,  l.'tl,  l.'W. 
KiillHcliitzUy'H    liii-iiiiiloxyliii  Htiiin, 

554. 

Kiipdur,  cuIIh  of,  .*J.')5. 

L.Miviu.NTii  of  uar,  .'ilW. 
--  of  kidiKiy,  .'170. 
Lai  ryiiial  j,'laii(lH,  .50.'). 
LactoalH,  .■i-14. 
Lacuna' of  hone,  114, 

of  uiothra,  'AH\. 
Laincllic  of  hone,  I  14,  115,  I  Hi. 
Lamina  (M'ila'o.sa,  504. 

—  fuHca,  504. 

—  rotiftiilariH,  ,541. 

—  Hiipiaclioroidda,  511. 
Landolt,  (ihif  of,  51!). 
Langci-lianH,  'mUttH  of,  .'(."li). 

—  contro-auhiai-  cells  of,  M(I2. 
fiainigo,  270. 

I>aryn.x,  2!Ki. 
LonH,  525,  r,Ol. 

LoiKfoeylDM,  ;(.•},  :U,  4(i,  51,  57.  {.SV< 
also  hlood  coi-piisclos,  colourkiH.s. ) 
Liehoikllliii,  cryplH  of,  3:W. 
Ligarnentiitn  pcictinatiini,  507. 
Ligula,  44.5. 

LinihuH  of  <M)(!hIea,  53i). 
Lin<'n  lihrcs,  2i). 
Linhi,  12. 

Lipoid  MuhstancL'H,  3,  8,  33,  .50 
!-iv(3f,  3.52. 

—  hlood-vcsHulH  of,  353. 

—  cells  of,  ;t55. 

—  ducts  of,  357. 

—  intracellular  canals  of,  3.55. 

—  lohules  of,  353. 

—  lynipliatics  of,  358. 

Luwit,  chloride  of  gold  method  of, 
559. 

Lung,  200,  2!)3. 

—  hlood  vessels  of,  298. 

—  development  of,  299. 

—  lymph-vossels  of,  299. 

Lays,  corpus  sid)thalamicum  of,  472. 
Lymph-corpuBclos.     {Sen  blood-cor- 

p\isolcs,  colourlcsH.) 
Lymph-glands  or  lympliatic  glands, 

225,  2.32.  b  . 
 hiL'mal,  232,  23(i. 


MIT 

Lympli  plexiises,  228. 
Lvniph-voHsols  or  lymphatics,  21(1, 
225. 

—  connection  with  cells  of  connective 

tissue,  88,  228. 

—  dovolopment  of,  220,  239. 

—  nerves  of,  22<i. 
Lympliocyt(ts,  35,  3(1,  43. 
Lymphoid  nodules,  2.32,  2.33,  23(1,  341, 

351. 

Lymiihoid  tissue,  81,  92,  2.33,  2.39. 
 dovclopment  of,  239. 

Maciu.a  aoustica,  5.3(1. 

—  lutoa  of  retina,  .524. 
Male  pronucleus,  24. 
Mallory,  stain  of,  .557. 
Malpighi,  rcte  inucosum  of,  200. 

—  P3'raiiuds  of,  .3(14. 

Malpighiaii    corpuscles    of  kidney, 
3(14. 

 of  sjjlecn,  230,  244. 

Mammary  glands,  282. 
Marcano's  solutioti,  32. 
Marchi's  method  of  staining  degen- 
erated nerve-fihres,  5.58. 
Marrow,  43,  1 14,  1 18. 
Martinotti,  cells  of,  485, 
Mast-cells,  84. 
Mayer's  stain,  .5.54,  5.55. 
Measuring  objects,  '27. 
Medulla  oblongata,  4'28. 

 nerves  arising  from,  435. 

Megakai-yocytos,  45. 
Meissner,  plexus  of,  33(i,  3.38. 
Memhrana  tectoi-ia,  544. 
■ —  tympani,  532. 
Mcsenceplialon,  4'28,  44fi,  458. 
Mesenchyme,  '25,  98. 
Mesothelium,  '25,  (18. 
Metencephalon,  428. 
Methods  of  embedding,  .547. 

—  of  measuring  mici'oscopic  objects, 

—  of  mounting  sections,  545,  .5.52. 
■—  of  preparing  sections,  .548. 

—  of  preserving  and  hardening,  ,545. 

—  of  staining,  553. 

Meynort,  bundle  of.    See.  tracts. 

—  decussation  of,  4(iL 
Micron,  ,34. 
Micrometer,  27. 
Microscope,  21}. 

Microscopic    work,    requisites  for 
2C. 

Microtomes,  548. 
Mid-brain,  428,  458. 
Migration  of  colourless  blood-corpus- 
cles, 59,  61,  221. 
Minot,  microtome  of,  5.50. 
Mitochondria,  5,  .3(12,  39;i. 
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Mitosis,  12. 

—  hetero typical,  17,  20. 

—  homotypical,  17,  20. 

—  multipolar,  19. 

—  somatic,  17. 
Moist  chamber,  73. 
Mould,  29. 

Mounting  fluids,  545,  552. 
Mouth,  mucous  membrane  of,  .S16. 
Mucigen,  76,  321. 
Mucous  cells,  323. 
Mucus-secreting  cells,  76,  321. 
Muir's  stain,  556. 
Miiller,  fibres  of,  522. 
— •  helicine  arteries  of,  378. 

—  muscle  of,  511. 

—  fluid  of,  545. 

Muscle,  blood-vessels  and  lymphatics 
of,  138,  139. 

—  cardiac,  138,  141. 

—  changes  in  contraction,  135,  137. 

—  corpuscles,  131. 

—  development  of,  140. 

—  ending  of,  in  tendon,  138. 

— •  involuntary  or  plain,  138,  144. 

 development  of,  147. 

 of  arteries,  210. 

—  nerves  of,  140,  202. 

—  nuclei  of,  131,  142. 

—  of  insects,  133,  134. 

—  in  polarized  light,  136. 
Muscle,  principal  disk  t)f,  135. 

—  red,  133. 

—  spindles,  128,  140,  188,  202. 

—  structure  of,  compared  with  proto- 

plasm, 137. 

—  voluntary  or  cross-striated,  128, 

129. 

Muscle-plate,  140. 
Myelencephalon,  428. 
Myelin,  151. 
Myelination,  413. 
Myelocytes,  43. 
Myeloplaxcs,  45. 
M3'ocardium,  284. 

Nails,  265. 

—  development  of,  267. 
Nerve  or  nerves. 

—  abducent,  450. 

—  autonomic,  153. 

—  chorda  tympani,  449 

—  coclilear,  441,  544. 

—  eighth,  440,  534. 

—  facial,  448. 

—  glossopharyngeal,  438, 

—  hypoglossal,  436. 

—  motor,  183. 

—  optic,  466. 

—  spinal  accessory,  437. 

—  trigeminal,  431,  450. 


NUC 
Nerve  or  nerves. 

—  vagus,  437.  * 

—  vestibular,  443. 

—  of  Wrisberg,  448. 
Nerve-cells,  157. 

—  bipolar,  165. 

—  degeneration  of,  177. 

—  development  of,  183. 

—  multipolar,  165. 

—  processes  of,  164. 

—  reticulum  of,  162. 

—  of  spinal  ganglia,  170. 

—  of  sj'mpathetic  ganglia,  174. 
- —  trophospongium  of,  164. 

—  types  of,  166. 

—  unipolar,  164,  170. 
Nerve-fibres,  140. 

—  axis  cylinder  of,  150,  152,  164. 

—  degeneration  of,  177. 

—  development  of,  183. 

—  meduUated,  148. 

—  medullary  segments  of,  151. 

—  motor,  terminations  of,  188,  205. 

—  non-meduUated,  148,  153. 

—  regeneration  of,  179. 

—  sensory,  modes  of  termination  of, 

188,  189,  199,  202. 

—  size  of,  152. 

—  sheaths  of,  149,  156,  185. 

—  varieties  of,  148. 
Nerve-trunks,  structure  of,  154. 
Nerve-unit,  167. 

Nervi  nervorum,  156. 
Neuroblasts,  183. 
Neurofibrils,  152,  158,  161,  179. 
Neuroglia,  181,  186,  411,  479.  487. 
Neurokeratin,  151. 
Neurolemma,  150,  185. 
Neurone,  158,  167,  469. 

—  theory,  170. 
Neuro-sj'napse,  170. 

Nissl,   granules   of,   in  nerve-cells, 
158. 

—  degeneration,  177. 

—  method  of  staining  nerve-cells, 

561. 
Nuclein,  11. 
Nucleolus,  11,  14. 
Nucleus  of  cell,  3,  8,  10,  13. 
Nucleus  or  nuclei  (nerve). 

—  of  abducens,  450. 

—  of  accessory,  4.32,  437. 

—  accessory  auditory,  441. 

—  ambiguus,  437. 

—  of  Bechterew,  443,  444. 

—  caudatus,  497. 

—  of  cochlear  nerve,  441. 

—  commissural,  438. 

—  ouneatus,  414,  431. 
 outer,  444. 

—  of  Deiters,  443,  444,  448. 
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Nucleus  or  nuclei. 

—  (lentatus,  435,  474. 

—  descending,  of  facial,  vagus,  and 

glossopharyngeal,  488,  440. 

—  descending  vestibular,  443. 

—  of  facial,  448. 

—  of  fasciculus  teres,  437. 

—  of  fillet,  461. 

—  of  glossopharyngeal,  433,  438. 

—  gracilis,  413,  431. 

—  of  hypoglos.sal,  433,  436,  440. 

—  lateral,  42!». 

—  lenticularis,  497,  498, 

—  oculomotor,  458. 

—  of  olive,  429,  435,  444. 

—  of  pons,  446. 

—  of  posterior  longitudinal  bundle, 

460. 

—  preolivary,  448. 

—  red,  of  tegumentuin,  460. 

—  semilunar,  448. 

—  of  Stilling,  420,  474. 

—  superior  olivary,  442,  448. 

—  tecti  (s.  fastigii),  474. 

—  of  thalamus,  467. 

—  of  trapezium,  447. 

—  of  trigeminal,  434,  450. 

—  trochlear,  459. 

—  of  vagus,  432,  433,  437. 

—  of  vestibular  nerve,  434  ,  443. 

Odontobl.\sts,  305,  309. 
CE.sophagus,  316. 
Olfactory  bulb,  491,  494. 

—  cells,  529. 

—  glomeruli,  495. 

—  mucous  membrane,  528. 

—  nerve-fibre.i,  495. 

—  path,  497. 

—  tract,  491,  494. 
Olive,  429,  432,  435. 

—  superior,  442,  448. 
Omentum,  216. 
Onychogenic  substance,  267. 
Oocytes,  396. 

Oogenesis,  397. 
Opsonins,  61. 
Optic  chiasma,  466. 

—  nerves,  466. 

—  thalamus,  467,  497. 

—  tract,  465,  466,  470. 
Ora  serrata,  525. 

0.ssification,  intracartilaginous,  118. 

—  intramembranous,  US,  125.  127. 
O-steoblasts,  118,  119,  127. 
Osteoclasts,  122,  311. 
Osteogenic  fibres,  125. 

Otoliths,  536. 
Ovary,  394. 
Ovum,  24,  394,  .395. 

—  division  of,  20. 

37 


REM 

P.vciNiAN  corpu.scles,  188,  189,  192, 

221,  265,  267,  3()3,  37S. 
Pancreas,  353,  359. 
Papilla;  of  hairs,  268. 

—  of  tongue,  312. 

—  of  skin,  264. 

—  of  kidney,  364. 
Paranucleus,  5,  302. 
Paraplasm,  6. 
Parathyroids,  253. 
Pelvis  of  kidnej',  364. 
Penis,  376,  378. 
Perforating  fibres,  1 16. 
Pericardium,  286. 
Penineurim,  155. 
Periosteum,  114,  117. 
Perimysium,  139. 

Pes  pedunculi,  462. 
Peyer,  patches  of,  239,  342. 
Phagocytes,  35,  36,  37,  61,  236,  249, 

355. 
Pharynx,  316. 
Phototaxis,  8, 
Pia  mater,  408,  499. 
Pick,  bundle  of,  430. 
Pigment-cells,  85. 
Pigment-granules,  161. 
Pineal  gland,  472. 
Pinna,  530. 

Pituitary  body,  243,  256,  473. 

Placenta,  394,  404. 

Plasma  cells,  85. 

Pleura,  299. 

Polar  bodies,  21. 

Pons,  446. 

—  nerves  arising  from,  448. 
Portal  canal,  353. 
Preserving  solutions,  645. 
Prickle-cells,  65. 
Projection  fibres,  486. 
Pronuclei,  24. 

Proprio-spinal  fibres  of  cord,  414,  419. 

Prostate,  376,  381. 

Protoplasm,  3. 

Pseudonucleoli,  11. 

Pseudopodia,  59. 

Purkinje,  cells  of,  475. 

—  fibres  of,  284,  288. 

Pyramids  of  medulla  oblongata,  428, 
429,  446. 

Ranvikr,  gold-chloride  method  of, 
559. 

—  constrictions  of,  151. 

—  picro-carmine  stain  of,  555. 

v.  Recklinghausen,  method  of  stainin 

with  silver  nitrate,  557. 
Reil,  fillet  of,  442,  45.5. 

—  island  of,  483. 
Reissner,  membrane  of,  539. 
Remak,  fibres  of,  154. 
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Restiforiii  body,  480. 

Reticular  or  retiform  tissue,  80,  91, 

353,  433,  440,  444. 
Retina,  501,  514. 

—  macula  lutea  of,  524. 

—  pars  ciliaris  of,  525. 

—  sensory  epithelium  of,  520. 
Rhinencephalon,  491. 
Ringer's  solution,  30. 
Rolando,  tubercle  of,  431. 
Rollett's  method  of  staining  muscle, 

128. 

Rouleaux  of  blood-corpuscles,  30,  33, 

34,  50. 
Ruffini,  organs  of,  195. 

Saccule,  534,  535. 
Salivary  corpuscles,  63,  236. 

—  glands,  319 

Sarcolemma,  128,  129,  141,  144. 
Sarcomeres,  134. 
Sarcoplasm,  130. 
Sarcostyles,  129,  130. 
Sarcous  elements,  129,  1.34. 
Schwann,  sheath  of,  150. 
Sclerotic  coat  of  eye,  503. 
Sections,  preparation  of,  548. 
Semicircular  canals,  533,  535. 
Seminiferous  tubules,  386. 
Serous  membranes,  216,  225,  2.30. 
Sertoli,  cells  of,  387. 
Sharpey,  fibres  of,  116. 
Sihler's  method  of  staining  nerve- 
endings,  561. 
Siliqua  olivffi,  435. 
Silver-methods,  559,  562. 
Sinusoids,  209,  220,  223,  251, 254,  355. 
Skin,  259. 

Spermatogenesis,  390. 
Spermatozoa,  .376,  388. 
Sphincter  ani,  internal,  .351. 

—  pupillaj,  511. 

Spinal  bulb.  See  medulla  oblongata. 
Spinal  cord,  408. 

 blood-vessels  of,  426. 

 cell  columns  of,  420,  423. 

 central  canal  of,  409,  425,  432. 

 characters  iu  different  parts, 

411. 

 commissures  of,  409. 

 connection  of  nerve-roots  with, 

424  409. 

 corn ua  of,  409,  411,  423,  428, 

431. 

 grey  matter  of,  409,  411,  420. 

 membranes  of,  408. 

 nerve-cells  of,  420. 

 proprio-spinal  fibres  of,  414,  419. 

 tracts  in,  408,  413. 

 white  columns  of,  409,  411,  413, 

431. 
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Spinal  ganglia,  170. 

Spindle,  achromatic,  9,  18,  19. 

Spleen,  243. 

Splenic  cells,  61,  249. 

—  lobules,  249. 
Spongioblasts,  181,  180. 
Spongioplasni,  4,  7. 
Staining  of  .sections,  553. 
Stanley-Kent,  bundle  of,  288. 
Starch  granules,  27. 
Stilling,  nucleus  of,  420. 
Stomach,  326. 

—  blood-vessels  of,  333. 

—  glands  of,  328. 

—  lymphatics  of,  .333. 
Stoniata,  216,  231. 
Stria  meduUaris,  470. 

—  vascularis,  543. 

Stroma  (of  blood-corpuscle),  33,48,50. 
Substantia  gelatinosa,  411,  451. 

—  nigra,  402. 
Subthalamus,  472. 
Suprarenal  capsules,  243,  249. 
Sweal-glands,  265,  278. 
Sympathetic  ganglia,  174. 

—  nerves,  153. 
Synapse,  18,  167,  170. 
Syncytium,  2,  142,  147,  223,  365. 
Sj'novial  membranes,  102,  10(5. 

Tactile  corpuscles,  189. 

—  disks,  192,  201. 
Ta;nia,  445,  446. 
Taste-buds,  314. 
Teeth,  300. 

—  formation  of,  306. 

—  pnlp  of,  305. 
Tegmentum,  456,  4()0,  472. 
Telencephalon,  428. 
Tendon,  97. 

—  connection  with  muscle,  138. 

—  nerve-endings  in,  195. 
Tendon-cells,  97. 
Testicle,  376,  382. 

—  intertubular  tissue  of,  386. 
Tetrads,  17. 

Thalamencephalon,  428,  446,  467. 
Tlialamus,  467,  497. 
Thermotaxis,  8. 
Thrombocytes,  37,  52. 
Thymus  gland,  232,  2.39. 
Thyroid  body,  243,  252. 
Tissues,  enumeration  of,  1. 

—  formation  from  blastodermic  layers, 

24. 

Tongue,  312. 
Tonsils,  232,  236. 
Tooth.    Sec  teeth. 
Trachea,  290. 

Tract  or  tracts,  methods  of  studying, 
408. 
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Tract  or  tracts  or  bundles. 

—  anterior  (ventral)  longitudinal.  Sre 

tecto-spinal  tract. 

—  anterolateral  a.scending.    Stc  ti'act 

of  Gowers. 

 descending.    See.  tracts  of  Loe- 

wenthal. 

—  ascending,  413,  414,  410,  417,  4.-.:^, 

—  bulbo-tlialaniic.    tier  tract  of  Hllel. 

—  of  Burdach,  413,  43-2. 

—  central  acoustic,  461. 

 of  cranial  nerves,  456,  468,  470. 

 of  tegmentum,  435,  452. 

—  cerebello-bulbar,  440. 

—  comma,  414. 

—  of  cord,  413. 

—  cortico  bulbar,  452,  450. 

—  cortico-pontine,  446,  402. 

—  cortico  spinal.    Set:  pyramid  tract. 

—  crossed  pyramidal.    See  pyramid 

tract. 

—  descending,  413,  414,  410,  417,  452, 

456. 

—  descending  cerebellar,  417. 

—  direct  pyramid.  iSVc  pj-ram id  tract. 

—  myelination  of,  413. 

—  of  fillet,  4.32,  434,442,  453,  461, 46S. 

—  of  Flechsig,  417,  435.  j 

—  of  Ooll,  413,  432.  ! 

—  of  Gowers,  419,  435.  4.")H.  t 

—  of  Gudden,  401  (footnote),  471.  ' 

—  of  Hehveg,  417.  j 

—  of  Lissauer.  419. 

—  of  Loewentlial,  417,  444. 

—  of  Marie,  420. 

—  of  Meynert,  461,  402,  460,  471. 

—  of  Monakow,  417,  452,  400. 

—  of  Miinser,  461. 

—  of  Pick,  4.30. 

—  olfaetorj',  404. 

—  olivo-cerebellar,  435. 

—  olivo-spinal.    Sre  tract  of  Hehveg.  1 

—  optic,  404,  405,  460,  4(i.S.  j 

—  ponto-spinal,  417,  452. 

—  posterior    (dorsal),  longitudinal, 

417,  434,  444,  448,  452,  4(i0. 

—  prepyramidal.    See  tract  f)f  Mona-  j 

kow. 

—  pyramid,  410,  428,  4.3(1,  440.  452, 

402,  499. 

—  of  Risien-Russell,  481. 

—  rubro-spinal.    .SVf;  tract  of  Mona- 

kow. 

—  spino-cerebellar,  417,  419,  4.35,458, 

480. 

—  spino-tectal,  419. 

—  spino-thalamic,  419,  408. 

—  sulco-marginal,  420. 


ZVM 

Tract  or  tracts  or  l)un(lles. 

—  tecto-spinal,  417,  4.34,  453,  4(il ,  400. 

—  tlialamo-bulbar,  450. 

—  tluilatno-olivar^-,  435,  453. 

—  transverse  peduncvdar,  4(i7. 

—  ventrivl  longitudinal.     See  tecto- 

spinal tract. 

—  vestiliulo-mcjtor.       Sk  postciio]- 

longitudinal  trad. 

—  vestibulo-spinal,  452. 

—  of  viccj  d'Azyr,  471. 
Trapezium,  441,  442,  447. 
Tropliospongium,  4,  104. 
Tubercle  of  Rolando,  431. 
Tuberculum  acusticnin,  441. 

—  olfactorivini,  494. 
Tympanum,  530. 

Uretkk,  .370. 

Urethra,  370,  .380. 

Urinary  bladder,  370. 

Uriniferous  tubules.  304,  300, 370,  373. 

Uterus,  394,  402. 

Utricle,  5,34,  535. 

VA(ii.sA,  .394. 

\'as  deferens,  382,  384. 

Vasa  vasorum,  221. 

Vasoformative  cells,  42,  223. 

Vein.s,  .structure  of,  2I).S,  213,  210. 

—  valves  of,  215. 

—  variations  in,  215. 
Ventricle,  fourth,  4.32,  444,  45(;. 
Vermiform  appendix,  351. 
Vesicuhv  seminales,  385. 

Villi,  arachnoidal,  499. 

—  fictal,  404. 

—  of  intestine,  342. 

—  of  synovial  membrane,  107. 
Vitellus,  309. 

Vitreous  humour,  527, 
Volkmann,  canals  of,  110. 

W.u.i.KuiAN  degeneration,  1.7,  413. 
Wander  cells,  85. 
Warming  apparatus,  57. 
Weigert-Pal  method  for  staining  .sec- 
tions of  the  nervous  svstem,  558. 
Wharton,  jelly  of,  101. 
\\'illiams,  microtome  of,  549. 
Woollen  fibres,  29. 
\Vrisberg,  nerve  of,  448,  449. 

Ykast,  29. 

Zenkku,  fluid  of,  545. 
Zinn,  zonule  of,  527. 
Zymogen,  324. 
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